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ABSTRACT: 
The major toxins and pathogens in fish meal were investigated because of food industry, 
public and animal health concerns. The effect of processing, the type of raw material 
used and storage conditions on the main toxin, histamine which causes gizzard erosion in 
pOUltry, and its formation in fish meal were investigated. The results showed that 
histamine and histamine-like amines in fish meal varied in levels between batches 
depending on the quality of raw material and type of fish used. 
The relationship between histamine and histamine-like amines levels was unclear. During 
laboratory processing of fish meal it was found that most histamine concentrated in the 
stickwater which had implications for the use of stickwater meal in feeds. Interestingly, 
histamine was detected in the stick....,ater meal of cod as well as mackerel. 
A decrease in histamine in mackerel meal and cod meal during processing was observed 
with respect to levels in raw material. The decrease maybe originated after the cooking 
stage especially in the stickwater meal (probably due to bacterial recontamination or 
enzymatic reactions). The decrease could be due to histamine either adhering to the 
equipment used or breakdown to its metabolites or derivitising to gizzerosine. 
Since very low levels of histamine were observed from meals produced from reasonably 
fresh fish, the control of histamine therefore is best achieved at the raw material stage of 
production. During storage trials, there was no increase in histamine levels but a 
decrease occurred gradually with time at 15°C, 70% RH. Rapid loss occurred at 25 and 
30oe, 80% RH and heavy mould growth was also observed, although no mycotoxins 
were detected in analysed samples. 
Routine analytical methods were studied and compared for the requirements of the fish 
meal industry and poultry farmers. Problems occurred with the colorimetric method 
when applied to fish meal and fish samples containing bones due to the presence of 
calcium. It was modified for routine histamine analysis. Thin Layer Chromatography 
was the second alternative. Although High Performance Liquid Chromatography was 
suitable for analysing histamine and histamine-like amines together, it did lack in meeting 
industrial requirements. Since the modified colorirnetric method was labour intensive, 
despite its other advantages, there was still a need for a simpler and quicker method of 
analysis. For this reason, research work was carried out to develop an immunoassay for 
histamine analysis. The results showed that it was possible to raise antibody against 
histamine and suggested future research potential. 
Hygienic conditions of laboratory scale fish meal production were investigated. The 
presence of Salmonella, which leads to human salmonellosis, and E. coli 0157:H7 which 
also cause human food poisoning were studied. The results showed that the critical 
control point of fish meal production was after cooking, since recontamination can 
occur. Salmonella was present in several batches of commercial and laboratory 
processed samples, but no E. coli 0157:H7 was detected in analysed samples. Three 
rapid methods were compared to traditional method for Salmonella analysis particularly 
in fish meal. The immunoassay method introduced by Institute of Food Research, 
Norwich was found the most suitable because it was sensitive, specific and took about 
one day to complete. 
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1. INTRODUCTION: 
Due to its high nutritional value it has become economic to use fIsh meal as an animal 
feedstuff for livestock such as pigs, poultry and fish rather than as a fertilizer. The total 
world's fIsh catch in 1990 was 97,246,000 mt, of which, 26.3% was reported to be used 
as fIsh meal (FAO, 1990). Fish meal has many advantages, such as being cheaper than 
most other comparable feed sources and it contains the main essential minerals, amino 
acids and considerable amounts of vitamins, and therefore can contribute to a well 
balanced diet for livestock. 
Due to an increase in poultry and red meat consumption, high intensity production of 
livestock has increased, which has lead to an increase in the requirement for fIsh meal as 
a feedstuff. [Table 1 shows increasing fish meal production over the years according to 
the latest FAO statistics, FAO (1990)]. Despite its high benefits when used in animal 
diets, fish meal suffers from some important problems if the production is not carried out 
under hygienic conditions. There are two main reasons for these problems occurring. 
The first is since that the meal is principally for animal consumption, there is not the same 
stringent microbial safeguards as there is food for human consumption. Secondly, the 
hygienic control measurements would be costly if implemented. Therefore, the 
additional cost incurred would risk its competitive edge with other animal feeds, such as 
single cell protein. 
Since Salmonella food poisoning has increased over the years, especially from poultry 
and egg products, scientists, farmers and governments in many countries have tried to 
discover the origin of the contamination. It was found that animal feed including fish 
meal was an important source of Salmonella. Several studies carried out proved the link 
between animal feed and human salmonellosis (Lee et al., 1972; and Hinton, 1986). 
Some countries, such as UK, already have government regulations (SI 1989 No. 661) on 
animal feedstuff stating that it must be free from Salmonellae. Under the regulation for 
animal feed in the UK, each fIsh meal producer (as well as others) have to check their 
product for Salmonella after each batch of production before sale to the animal farmers. 
The Environmental Health Officers also inspect independently each factory each year for 
Salmonella. 
Personal communications and visits to some fish meal factories in UK showed that even 
in a developed country the laboratory conditions in a fIsh meal factory are very basic, 
since their budget cannot cover basic equipment or materials as well as the reagents 
involved in the detection of Salmonella. Therefore, they use mainly traditional, very 
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simple and relatively cheap analytical methods which are not always reliable nor give 
rapid results and are inadequate to guarantee freedom from Salmonella contamination. 
For Salmonella analysis, the sampling is mainly done at the end of each production run, 
when a sample is taken from the mixture of week's samples and these may be analysed at 
their own laboratory with the traditional method (which takes more than a week to get a 
clear negative or presumptive positive result and usually about two weeks for a 
confirmed positive result). Alternatively, they send the samples to an independent 
qualified laboratory costing the company more than £60 per sample (which is rather 
expensive). The problem is, one sample taken only at the end of the week (which 
represents usually more than 7 batches) will not equally represent every batch, i.e. the 
chances are small of identifying Salmonella in the whole mixed batch when only one 
day's production is contaminated. In addition, if Salmonellae were found, the whole 
week's products would need to be reprocessed. 
Therefore, there is an urgent need for a cheap, rapid and yet reliable method for a 
frequent and routine Salmonella analysis. Many rapid methods were developed for this 
purpose (nearly one every six months) and each claim to have advantages over traditional 
methods. However, usually minor but important disadvantages are ignored and these 
methods are not always evaluated for fish meal, since each product could have different 
characteristics which may interfere with the effectiveness of the methods. 
Some other types of food poisoning bacteria, such as pathogenic Escherichia coli have 
lately also assumed to be a problem in animal feed and control methods are suggested to 
be taken (Stavric et ai., 1992). Although, Campylobacter food poisoning is often 
reported in many countries such as UK, Campylobacter mainly originated from poultry 
and no direct link was found with dry feed such as fish meal (COR, 1992). This type of 
food poisoning may not be as serious to life as Salmonella since only one or two reports 
of deaths associated with Campylobacter infection in England and Wales occur each year 
compared to annual mortality of 30 to 70 for non-typhoidal salmonellosis (COR, 1992). 
This type of food poisoning will not be covered in this study. 
Histamine (previously known as Scombrotoxin) food poisoning has often been reported 
and investigated in human cases. Since fish was the main implicated food, control 
measurements can be taken to prevent its occurrence, such as keeping fish chilled or 
frozen. There is also a regulation (Taylor, 1986) for permitted histamine level in fish and 
other foods which cause poisoning in several countries. Although strong evidence was 
found to link histamine poisoning in poultry fed on fish meal over 20 years ago, no 
regulation was set up to prevent its presence in fish meal. The addition of cimetidine 
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(which an H2 receptor antagonist of histamine) to poultry diet helps prevent this illness 
(TDRI, 1982). However, more efficient control measures are needed to be taken and 
therefore, further investigations of histamine presence and formation in fish meal 
production are required. As in the Salmonella case, the current analytical methods for 
histamine need to be further evaluated and where necessary developed for analysing 
histamine in fish meal. 
Although poisoning from aflatoxins of animal feed origin has been reported in animals 
(Ward and Morgan, 1991) so far there are no links made directly to fish meal. One may 
assume that there may not be enough investigation on this subject regarding fish meal. 
Therefore, the quality of fish meal production in terms of the presence of Salmonella, 
histamine and perhaps other microorganisms or toxins require further investigation. It is 
also essential to select suitable analytical methods which would match the requirements 
of fish meal companies and animal farmers. 
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2. LITERATURE REVIEW: 
2.1. FISH MEAL PRODUCTION: 
The production of fIsh meal and oil started in the early 1800's in Northern Europe and 
North America. In the early stages fIsh meal was used as a high nitrogen and phosphorus 
fertilizer (TDRI, 1982). However, since 1910, it was realised that it was too expensive 
for this purpose but its high nutritional value made it very suitable for use as an animal 
feedstuff (Anonymous, 1975). At present, the bulk of the world's production of fIsh 
meal is used for incorporation into compound feeds for livestock such as poultry, pigs 
and fish. There was an increase in world fIsh meal production reported by FAO statistics 
(FAO, 1990) between 1981-1990 (although a slight decrease occurred from 1986 to 
1987 and from 1989 to 1990) (See Table 1). Table 1 represents world fIsh meal 
production originating from various raw materials (1981-1990), but primarily from oily 
fIsh. The main producers of the world continents were S. America, Asia and Europe 
(Table 2) and the major world fIsh meal producing countries were S. Africa, USA, Chile, 
Ecuador, Peru, Japan, Thailand, Denmark, Iceland, Norway and former USSR (Table 3). 
The raw material for fIsh meal production can be divided into three groups as follows; 
(TOR!, 1982) 
a. Fish caught for the sole purpose of fIsh meal production often referred to as "industrial 
fIsh". For example, anchovies in Peru and Turkey, (Tiirkiye, which is the author's 
country). 
b. The "by-catch" from other fIsheries, e.g. prawn-by-catch. 
c. Fish offal and fIsh wastes from processing operations. e.g. carcasses from a fIlleting 
operation, heads and guts from a canning line etc. In Britain, the raw material for fIsh 
meal production is mainly supplied by this source. 
It is important to know the suitability as well as availability of raw material for fIsh meal 
production. A number of tropical species of fIsh are known to be toxic to livestock, and 
these are checked for by carrying out feeding trials. However, there are other toxins 
which can develop in the product or pathogens present as a result of contamination 
during or after processing. They can cause poisoning either to livestock or humans 
eating the livestock products, depending on the types and the characteristics of the 
organisms or toxins. The toxins reported to be of microbial origin and pathogens are of 
interest to researchers, and for fIsh meal and livestock companies a cause for concern. 
Table: I: Fish meal production according to origin of varying raw material, 1981-1990. 
Years 1981 mt 1982 mt 1983 mt 1984 mt 1985 mt 1986 mt 1987 mt 1988 mt 1989 mt 1990 mt 
. Oily 4,487,973 4,776,302 4,741,279 5,589,895 5,823,343 6,321,261 6,093,200 6,398,802 6,451,667 5,919,323 
White 311,920 304,572 256,557 239,499 216,993 . 190,024 187,401 198,214 191,931 153,562 
Solubles 231,108 269,227 273,795 268,243 286,507 192,138 202,580 222,633 225,,071 193,189 
Miscella- 27,896 41,403 21,089 21,218 15,943 . 19,248 25,794 25,932 28,457 26,894 
neous 
Total 5,058,897 5,391,504 5,592,720 6,118,855 6,342,786 6,722,671 6,508,975 6,845,581 6,897,126 6,292,968 
Source: FAO (1990). 
Table. 2: Comparison of fish meal production between world continents. 
I Years 1981 mt 1982 mt 1983 mt 1984 mt 1985 mt 1986 mt 1987 mt 1988 mt 1989 mt 1990 mt 
. 
Africa 191,293 172,323 212,624 152,910 145,220 169,867 309,072 286,587 176,538 145,660 
N.America 619,400 664,892 650,541 606,454 674,479 582,158 675,783 565,570 588,379 534,450 
S.America 1,354,844 1,635,127 1,163,420 1,794,504 2,137,381 2,518,869 2,081,625 2,462,180 2,711,476 2,389,733 
Asia 1,240,998 1,352,903 1,548,641 1,719,948 1,649,792 1,680,799 1,656,040 1,648,320 1,623,174 1,587,470 
Europe 1,096,996 969,301 1,111,553 1,166,933 1,076,122 1,020,908 1,016,281 1,109,503 1,041,600 936,645 
Oceania 966 748 741 4,536 2,342· 3,540 3,534 4,371 4,179 3,940 
USSR 554,400 600,210 605,200 673,570 657,450 746,530 766,640 769,050 751,780 695,070 , 
Source: FAO (1990). 
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Table: 3. Major fish meal producers and comparison to Turkey (Turkiye). 
Years 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
mt mt . mt mt mt mt mt mt . mt mt 
USSR 554,400 600,210 605,200 673,570 657,450 746,530 766,640 769,050 751,780 695,070 
S.Mrica 155,626 142,620 172,334 117,931 116,129 127,487 266,060 240,304 132,197 54,354 
USA 405,634 477,119 490,131 455,232 473,877 407,097 470,084 387,551 386,052 354,222 
Chile 688,318 795,768 827,743 1,022,727 1,111,623 1,282,377 1,081,092 1,112,229 1,381,162 1,073,207 
Ecuador 123,386 114,061 21,889 147,871 255,517 . 205,778 116,701 166,079 104,753 59,152 
Peru 478,277 665,499 251,738 568,363 717,104 973,114 821,417 1,126,242 1,169,193 1,204,210 
Japan 898,914 1,004,090 1,133,476 1,262,654 1,166,639 1,179,083 1,112,563 1,095,717 1,049,067 976,552 
Thailand 201,701 211,814 204,811 222,558 220,358 213,005 228,660 237,156 268,524 264,700 
Iceland 148,436 51,062 68,077 171,695 174,765 178,495 159,297 192,065 143,641 150,081 
Denmark 337,788 319,638 340,014 347,099 307,969 306,039 286,206 345,174 332,937 259,870 
Norway 299,500 284,301 346,858 286,589 238,266 194,135 183,100 183,560 199,690 183,650 
Turkey 15,000 13,850 19,000 40,000 45,000 46,000 45,000 45,000 46,000 50,000 
Source: FAO (1990) 
0> 
2.1.1. FISH MEAL PROCESSING: 
There are four main steps in fish meal processing. 
These are: 
a) Heating (cooking) to coagulate the protein, also releasing water and oil. 
b) Pressing to separate the liquid fraction from the solid fraction. The liquid is called 
stickwater. 
c) Drying the solids (including the solids from stickwater). 
d) Grinding the dried product to produce a powdered or granular end product. 
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Commercial fish meal production lines vary according to the purpose of the end product, 
availability of raw material and whether they use a continuous process for large scale 
operations or a batch process. There are two distinct types of processing. 
1. Wet reduction method: This is a continuous process which is particularly suitable for 
large-scale operations. 
2. Dry rendering or reduction of meal, which is mainly applied to the conversion of fish 
or fish offal of low fat content. 
Although they both have advantages and disadvantages, the dry rendering method has 
gone out of favour, which may be because of its high installation and operating costs and 
slow production rate (TDRI, 1982). More information about fish meal processing and 
the two different methods mentioned above, can be found in Windsor and Barlow (1981) 
and TDRI (1982). 
The general processing flow diagram is shown in Fig. 1. 
2.1.2. BAGS AND STORAGE: 
Fish meal bags normally contain 50 kg. In tropical areas, the bag material is often 
hessian, which is made from woven jute, a relatively open-structured material which 
allows the passage of water vapour and oxygen. Under humid conditions the meal, 
which is hygroscopic, may absorb moisture and if the moisture content rises to between 
12% (Windsor & Barlow, 1981) and 15% (TDRI, 1982) moulds, and above 15% 
bacteria (both references) may become active and the meal will compact into a solid 
lump in the bottom of the bag. In many modern fish meal operations, paper and 
polyethylene laminated sacks are used. They have the advantage over the traditional 
hessian ones in protecting meal from rodents and insect attacks, and mould and bacterial 
contamination. 
00 
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Fig. 1: Fish meal processing shown In diagramatic form (Windsor and Barlow. 1981). 
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They also prevent the rapid movement of oxygen and water. Moreover, the meal cannot 
escape from the sack as it can through the hessian (TORI, 1982). 
2.1.3. COMPOSITION AND NUTRITIONAL VALUE OF FISH MEAL: 
Constituents of the meal vary depending on the type of material and the process used. 
Table 4 shows the contents of fish meal. 
Table. 4: Contents of typical fish meal: 
Content % 
Protein 65 
Fat <8 
Ash or mineral 
Moisture -8 
Crude fibre <I 
Source: TDRI (1982) 
Variations 
50-75 
5-10 
12-33 
6-10 
Fish meal is a high-protein feed supplement which is mixed with other feed supplements 
to produce a balanced diet for livestock. The protein of fish meal contains sufficient 
quantities of 10 essential and 11 non-essential amino acids to produce a well balanced 
diet. The cereal-based diets, which are used in feed rations are mainly deficient in lysine 
and methionine, except soybean which is rich in lysine. Most recently, single-cell protein 
production has become a threat for fish meal consumption because the properties of 
single cell proteins are similar to the properties of fish meal except its protein content is 
60% and methionine concentration is slightly less than fish meal. However, demand for 
fish meal is still high due to the increasing demand for poultry and red meat. 
Fish meal also contains considerable amounts of vitamins, particularly the B group e.g. 
B 12. Most mixed feeds incorporate vitamin supplements. The intrinsic vitamin content 
of fish meal leads to a good security margin in most feeds. Moreover, it can also be an 
important provider of minerals. The following minerals of phosphorus, sodium, 
magnesium, calcium, iron, copper, zinc, manganese, iodine and selenium can be deficient 
in a mixed diet, but could easily be supplemented by fish meal, where they are present in 
sufficient amounts. The most important of these are calcium and phosphorus, which 
frequently have to be added to a mixed feed to ensure such things as strong bones, 
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adequate eggshell quality, etc. (Windsor and Barlow, 1981). Table 5 shows the mineral 
contents of some fish meals and the mineral requirements for chickens. 
Table. 5: Typical content of some the essential minerals in various fish meals compared 
to chicken requirements. 
Element Peruvian Norwegian White Chicken 
anchovy herring fish requirements 
Ash (%) 15.40 10.10 20.00 -
Calcium (%) 3.95 1.95 8.00 1.00 
Phosphorus (%) 2.60 1.50 4.80 0.70 
Sodium (%) 0.87 0.42 n.a 0.15 
Magnesium (%) 0.25 0.11 0.15 0.05 
Potassium (%) 0.65 1.20 0.90 0.20 
Iron (ppm) 246.00 150.00 300.00 80.00 
Copper (ppm) 10.60 5.40 7.00 4.00 
Zinc (ppm) 111.00 120.00 100.00 50.00 
Manganese (ppm) 9.70 2.40 10.00 55.00 
Iodine (ppm) n.a 2.40 n.a 0.35 
Selenium (ppm) 1.39 2.78 1.50 0.10 
n.a: not available. Source: TDRI (1982). 
It can be seen from Table 5 that feeds containing 10% of Peruvian anchovy meal will 
provide 40% of the chickens calcium and phosphorus requirements. 
2.1.4. CONSUMPTION OF FISH MEAL: 
As stated in Section. 2.1. fish meal has been used as animal feed because of its high 
nutritional value, since 1910. Anonymous (1975) reported that the demand in the UK 
for fish as fish meal far exceeds the demand for fish for direct human consumption. Fish 
meal is utilised in animal feeding for poultry, pigs, (TORI, 1982) and also used in the 
feeding of cattle, sheep, and farmed fish and mink, (Anonymous, 1975). They also 
reported that there is considerable interest from United Nations agencies in using 
specially prepared fish meals as fish protein concentrates for human consumption. 
According to Windsor (1971) usually up to 10% of the diet of pigs and poultry consists 
of fish meal and up to 60% of the protein for mink generally originates from fish meal 
provided the meal is of high quality (Windsor and Barlow, 1981). Another report by 
Kolhonen (1974) states that in broiler feed fortnulae the fish meal percentage varies 
between a minimum of 2% and a maximum of 8%, depending on the relative prices of 
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competing protein sources. It was also reported that the amount of fish meal used for 
fish feeding varies between 10% to 70%, depending on the type of diet and economics, 
while for mink it is 60% (Windsor and Barlow, 1981). 
2.1.5 .. CHEMICAL ASPECTS OF FISH MEAL: 
The naturally occurring chemical compounds of fish meal have been mentioned in 
Section. 2.1.3. 
Recently, the presence of histamine and gizzerosine in fish meal has been reported 
(Shifrine et ai., 1959; Janssen, 1971; Harry et al., 1975; Umemura et ai., 1981; Itakura 
et al., 1982 and Masumura et aI., 1985). 
Other amines reported to be present in fish meal such as histidine, spennidine, spermine, 
cadaverine, putrescine and tyramine are important in terms of their relationships with 
histamine or gizzerosine toxicity in animal feeds. 
2.1.5.1. Histamine and Histamine-like amines: 
Histamine is a derivative compound of histidine formed by bacterial decarboxylation or 
enzymatic reaction. 
Shifrine et ai. (1959) first reported that histamine in tuna meal caused poisoning of 
chicks. This poisoning was called gizzard erosion (GE) or black vomiting because of its 
effect on the gizzard and the resulting symptoms. Janssen (1971) showed that gizzard 
erosion was found in the groups of chicks receiving a higher percentage of fish meal. 
More information about histamine poisoning in poultry and other species will be found in 
the next chapter. Fig. 2 shows the biological pathways of the formation of histamine and 
histamine-like amines. 
Glutamic acid 4('----Protein ---),. 
1 
Glutamine Arginine 
1 
Ornithine Agmatine 
put~escine~ 
1 
Spermidin~e---')" Spermine 
Ly sin e 
1 
Cadaverine 
12 
His tid in e 
Histamine 
Fig. 2: The biological pathways for the fonnation of histamine and histamine-like amines 
(Ritchie and Mackie, 1980). 
There is some disagreement concerning the biochemical pathways of these non-volatile 
amines from amino acids. For example, Middlebrooks et at. (1988) reported that the 
biological pathway of putrescine is from lysine and for cadaverine is ornithine. 
2.1.5.2. Gizzerosine: 
Although originally histamine was thought to be a causative agent for GE, in 1983, 
Okazaki et al. reported a new compound, 2-amino-9-(4-imidawlyl)-7·azanonanoic acid, 
isolated from a questionable fish meal which is named gizzerosine. Fig. 3 shows the 
structure of gizzerosine (Masumura et aI., 1985). 
Fig. 3: The structure of gizzerosine. 
This compound was found in overheated fish meal and was assumed to be fonned by a 
reaction of lysine with an imidazolylethyl radical from histamine (or may be histidine), 
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(Masumura et al .• 1985) during heat processing. Overheating can occur in reheated 
products in order to destroy Salmonella (See Section 2.1.6.) or to recycle production. 
Masumura et al. (1985) have demonstrated that gizzerosine acts on the H2-receptor of 
histamine and stimulates gastric acid secretion. The ability of gizzerosine to enhance 
gastric acid secretion was 10 times stronger than that of histamine. They also found that 
although this compound caused severe gizzard erosion in chicks within a weck whcn it 
was fed to them at a level of 2.2 ppm in the diet (Okazaki et al .• 1983). the inclusion of I 
mg cimetidinei kg diet could almost completely prevent the incidence of gizzard erosion. 
Moreover. they showed that the GE positive diet containing more than 10 mg 
cimetidineikg of diet showed no sign of gizzard erosion and did not stimulate acid 
secretion in chicks. Cimeditine acts as H2-receptor antagonist of histamine. which 
. completely blocks the induction of GE by elevating of the pH value of the gastric 
contents. therefore inhibiting the formation of the lesions (Masumura et al .• 1985). 
Mori et al. (1983 and 1985). were the first to synthesize the gizzerosine to enable 
toxicity testing of this compound in chicks. However. the synthesis appears very 
complicated. and basically involves 8 main steps. 
In 1991. Waneger et al. (1991) questioned past methods. They claimed that with the 
original method (HPLC). it was very difficult to reproduce consistent results. They also 
demonstrated that gizzerosine added to ftsh meal hydrolysates could not be recovered at 
low levels and loss of gizzerosine was experienced during the clean up procedures. 
Therefore. Waneger et al. (1991) developed a new HPLC procedure. Although this 
procedure seems to be promising in terms of better reproducibility and more efficient 
recovery of gizzerosine than the other methods. there is still a need for a cheap. quick 
and simple method for analysis of this compound. 
Okazaki et al. (1983) reported that the effect of gizzerosine on mammals had not been 
shown yet. They could not fmd any visible effect on rat stomach lining after 6 months 
feeding of a fish meal sufficient to cause severe gizzard erosion in chicks. 
It can be concluded that although gizzerosine has the most toxic effect on chicks. GE 
could be prevented by avoiding overheating of fish meal. using cirneditine in the diet and 
addition of antioxidants. [e.g. ethoxyquin and butylated hydroxy toluene (BHT)] for fish 
meal with a high fat content. 
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Recently, personal communications by D. Miskin (1989-1990), University of 
Humberside, concerning poultry farmers showed that although they have had black vomit 
cases despite low histamine levels, gizzerosine was not recognised as a reason. 
However, histamine still remains a potential problem because it causes OE in chicks as 
well as being a source of gizzerosine. Therefore, histamine, rather than gizzerosine is 
going to be looked at in detail in one of the following sections. 
2.1.5.3. Mycotoxins ( mainly Aflatoxins): 
Aflatoxins were found to be the cause of the death of many thousands of turkeys after 
being fed contaminated Brazilian peanut meal in 1960. Many researchers carried out 
different methods of analysis for these toxins in animal feed products. It has been 
recognised that aflatoxins Bl and 01 are extremely potent carcinogens and toxins, to a 
wide range of animals (Morgan et al., 1986). 
A number of feed products have been tested and found positive for aflatoxins including: 
wheat, maize, peanut, corn and barley meals. However, there is no report so far of the 
presence of aflatoxins in fish meal. Under storage conditions of 80% humidity at 25°C, 
or above, fish meals have a water activity (aw) between 0.8-0.9 and a moisture content 
12%, or greater. This condition could facilitate the production of aflatoxin and other 
mould toxins in the product. In fact, TOR! (1982) and Windsor and Barlow (1981) have 
reported mould growth in fish meal when the moisture content was of 12% or greater. 
Therefore, aflatoxins as well as other toxins of mould origin may be a problem in fish 
meal. 
2.1.6. MICROBIOLOGICAL ASPECTS OF FISH MEAL: 
It is claimed that cooked products (e.g. fish meal) are very liable to contamination by 
Salmonella because Salmonellae are poor competitors and that during cooking many 
macro molecular food chemicals break down to yield products which stimulate faster 
microbial growth. In fact, between 1987-1991 in England and Wales, there were 128 
poultry-borne food poisoning outbreaks (involving 3,500 people) and 65% of these 
outbreaks were from Salmonellae (COR, 1991). This was because of feeding 
contaminated products to pOUltry or other animals, then processing the inedible parts of 
these animals to yield important components of livestock feed. As a result of poor 
manufacturing practices (post-process recontamination), these rendered animal by-
products became recontaminated with Salmonellae which, in turn, were incorporated 
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into feeds. The consumption of these feeds by livestock, followed by animal-to-animal 
transmission, completes the Salmonella cycle. Therefore, in 1989, the British 
Government Health Department put a regulation on consumption of feed for animals, 
including fish meal, to be Salmonella free (Anonymous, 1989). Recent outbreaks caused 
by E. coli 0157:H7 in foods of animal origin gives rise to the suspicion that it may also 
occur in fish meal. 
The pres~nce of other bacteria such as histamine forming bacteria e.g. Proteus morganni 
and Klebsiella pneumoniae could be important in fish meal due to their role in producing 
histamine, which was discovered in fish and certain food products. 
Moreover, toxin-producing moulds may be important in fish meal for the reasons 
mentioned above. Aspergillus flavus and A. parasiticus are the major aflatoxin 
producers. 
2.2. HISTAMINE (SCOMBROTOXIN) POISONING: 
2.2.1. HISTAMINE (SCOMBROTOXIN) POISONING IN HUMANS: 
The highest morbidity world-wide from fish poisoning results from the ingestion of 
spoiled Scombroid fish such as tuna and mackerel. Although its cause still not clear 
there is strong evidence that histamine could be responsible (Taylor, 1985 and Morrow 
et ai., 1991). Firstly, the poisoning occurs after the consumption of foods which contain 
high levels with histamine. Secondly, improvement in symptoms has been reported after 
treatment with antihistamines. Discussions about whether histamine was the only 
causative agent of histamine poisoning is given later in Section 2.2.2. 
2.2.1.1. Definition: 
As also mentioned above, histamine poisoning is a food-borne chemical intoxication 
resulting from the ingestion of foods which contain unusually high levels of histamine 
(Taylor, 1983). It was originally called scrombotoxin poisoning because of its historical 
association with ingestion of spoiled fish belonging to Scomhridae family, such as tuna, 
mackerel and bonito (Motil and Scrimshaw, 1979). However, other types of non-
scombroid fish including mahi-mahi, bluefish, jack mackerel, yellowtail, amber jack, 
16 
herrings, sardines and anchovies, and foods such as cheese and red meat are also 
commonly implicated (Taylor, 1986). 
2.2.1.2. Symptoms: 
Symptoms usually develop within a few minutes and subside spontaneously in a few 
hours. A variety of symptoms can occur during incidents of histamine poisoning, 
including intense headache, dizziness, throbbing of the carotid and temporal vessel, 
epigastric pain, burning of the throat, rapid weak pulse, dryness of the mouth, thirst, 
inability to swallow, gastro-intestinal upset (disturbance), diarrhoea, abdominal pain, 
swelling and flushing of the face and neck, warmth and discomfort, and a sensation of 
cardiac arrhythmias, bronchiospasm and shock (Foo, 1975; Motil and Scrimshaw, 1979; 
and Taylor, 1983 and 1986). Table 6 shows the typical symptoms of histamine 
poisoning. 
Motil and Scrimshaw (1979) experimentally demonstrated that although vital signs and 
histamine activity showed no consistent pattern of change at any histamine dose, 
characteristic symptoms of histamine poisoning were noted at the 100·150 mg dose of 
histamine. They suggested that histamine is responsible for the symptoms seen in this 
type of poisoning. Ferencik (1970) and Foo (1975) have reported that 150-400 mg/lOO g 
of histamine concentration causes severe and 100-150 mg/lOO g of histamine 
concentration causes mild poisoning in humans. 
Table. 6: The typical symptoms of histamine poisoning. 
Type: 
Gastrointestinal 
Neurological 
Hypotension 
Cutaneous 
Symptoms 
Nausea, vomiting, diarrhoea, cramping. 
Headache, palpations, burning of the throat, itching, tingling. 
Hemodynamic. 
Rash, urticaria (hives), edema, localized inflammation. 
Source: Taylor (1986). 
2.2.1.3. Permissible Limits (levels) for Histamine in fish and other foods: 
Although the above given concentrations for histamine cause symptoms in human, the 
causative levels differs from different food as well as different types of fish species. In 
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1980, the V.S. Food and Drug Administration have produced a Compliance Policy Guide 
for Albacore, Skipjack and Yellowfm Tuna fish which specifies that histamine levels of 
over 50 mg % should be regarded as a danger to health while a batch would !;le 
considered to have decomposed if more than two samples (of 24) have levels of over 20 
mg %. However, a lower level limit of 10 mg % is considered by some experts to be a 
suitable maximum limit (Arnold and Brown, 1978). Apart from public health 
considerations, histamine levels have become of commercial importance as exporters of 
frozen and canned pelagic fish must ensure that their products conform to the standards 
set by their customers. 
In 1989 after the collaborative Congress organized by FAO and WHO in Berlin, the 
Minister of Health in Italy established a regulation of the following maximum histamine 
level in Scombridae, Clupedia and Engraulidae (See Table 7). 
Table. 7: Regulations for maximum histamine level in Scomhridae, Clupedia and 
Engraulidae, established by Minister of Health Italy in 1989. 
1. No more than 10 mg of histamine/lOO g of fish in 7 samples of a total of 9 collected 
samples. 
2. More than 10 mg of histamine but no more than 20 mg of histamine/lOO g of fish in 
the remaining 2 samples of the total of 9 collected samples. 
3. No more than 20 mg of histamine/lOO g of all fish. 
Source: WHO (1989). 
2.2.1.4. Epidemiology of Histamine Poisoning: 
Although histamine poisoning occurs world-wide, there is a lack of complete reporting 
on histamine poisoning. In most countries the illness is not even notifiable yet. The 
reason is that medical attention is not always sought by the affected individuals and 
physicians can easily misdiagnose the disease. Moreover, many governments do not take 
enough effort to collect and disseminate information on incidents of histamine poisoning. 
Therefore, the true statistics on this disease are unknown (Taylor, 1983). 
Certain types of symptoms of histamine poisoning are also known to be characteristic of 
other foodborne diseases. Only the cutaneous symptoms, such as rush and urticaria, 
--------------------------------------------------------------------------------
18 
which do not occur in all cases, can be used to distinguish histamine poisoning from 
other foodborne intoxications. However, many physicians are unaware of the possible 
alternative diagnosis of this type of illness but it should be considered as possible 
diagnosis particularly in cases of food allergy involving foods that are frequently 
incriminated in histamine poisoning (Taylor, 1983). Taylor (1983) has also suggested 
three possible way to distinguish histamine poisoning from the other food allergy 
incidents. These are; 
a. The lack of a previous history of allergic reactions to the incriminated food. 
b. The high attack rate in group outbreaks. 
c. The detection of high levels of histamine in the incriminated food. 
Japanese scientists were the first to recognise histamine poisoning, and the records of 
histamine poisoning incidents in Japan are available from the early 1950s. More 
widespread recognition of histamine poisoning in other countries did not start until 
around 1970. Japan, the V.S. and Great Britain are the most reported countries for 
histamine poisoning (Taylor, 1986). Less frequent incidents have been reported in 
various other countries including Canada, New Zealand, France, Germany, Norway, 
Sweden, Czechoslovakia, The Netherlands, Australia, Sri Lanka, Indonesia, South 
Africa, and Egypt (Taylor, 1986). It could probably be assumed that histamine poisoning 
is also a problem in Italy, Poland, Hungary and Turkey. However, published accounts of 
outbreaks from those and other European countries are not in evidence, and statistics on 
histamine poisoning are not kept (Taylor, 1986). 
Taylor (1986) has publicized epidemiologic information on 42 outbreaks in Japan 
between 1970 to 1980 as compiled from the data Ministry of Health and Welfare, Japan. 
He reported that these outbreaks involved 4164 cases of the implicated foods being 
mackerel, horse mackerel, tuna, chicken, anchovies, sardines, karnaboko, Spanish 
mackerel, black marlin, striped marlin and dorado. Table 8 represents the data on 
histamine poisoning in Japan between 1970-80. The data for the V.S. between 1968-81 
is shown in Table 9 and Table 10 represents the data for Britain between 1976-82 
(Taylor, 1986). 
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Table. 8: Histamine Poisoning in Japan: (1970-80). 
Year No. of No. of Implicated foods 
outbreaks cases 
1970 5 178 Mackerel, Horse mackerel, Tuna and 
Unknown 
1971 2 70 Tuna, Mackerel 
1972 4 137 Tuna, Mackerel, Chicken 
1973 3 2702 Horse mackerel, Anchovies 
1974 1 33 Karnaboko 
1975 7 396 Tuna, Spanish mackerel, Sardines, 
Scombroid fish 
1976 4 31 Tuna, Mackerel, 
Scombroid fish 
1977 3 69 Tuna, Sardines, Blackrnarlin 
1978 2 32 Tuna, Mackerel 
1979 7 321 Tuna, Striped marlin, Dorado * 
1980 4 153 Tuna, Mackerel, Sardines 
*Dorado is the name for mahi-mahi in Japan. 
Source: Taylor (1986). 
Table. 9: Histamine Poisoning in the U.S: (1968-1981) 
Year No. of No. of Implicated foods 
outbreaks cases 
1968 3 19 Tuna, Mahi-mahi 
1969 1 3 Mackerel 
1970 1 3 Bonito, Tuna, Albacore, Pork fish, marine 
fish, mahi-mahi 
1972 6 Mahi-mahi, Tuna, Jack 
1973 12 326 Mahi-mahi, Tuna, Spanish mackerel, Red 
snapper, mured goat fish 
1974 10 26 Mahi-mahi, Tuna, Skipjack 
1975 6 16 Mahi-mahi, Tuna, Cheese 
1976 3 43 Mahi-mahi, Tuna, Blue fish 
1977 13 71 Yellow tail, Anchovies 
1978 7 30 Mahi-mahi 
1979 12 132 Mahi-mahi, Tuna, Others 
1980 29 153 Mahi-mahi, Tuna, Others 
1981 7 67 Mahi-mahi, Tuna, Others 
Source: Taylor (1986) which was compiled from Centres for Disease Control, Annual 
Summaries of Foodborne and Waterbome Disease Outbreaks, Atlanta. 
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Table. 10: Histamine Poisoning in Britain: (1976-82) 
Year No. of No. cases Implicated foods 
outbreaks 
1976 3 9 Smoked mackerel 
1977 I I Smoked mackerel 
1978 3 9 Smoked mackerel 
1979 44 178 Smoked mackerel. Bonito. Canned mackerel 
and sardines. Sprats. Canned pilchards. 
Mackerel paste 
1980 28 79 Smoked. canned. soused and pasted 
mackerel. Raw tuna. Canned tuna. bonito. 
sardines and pilchards 
1981 26 45 Smoked. canned and brined mackerel. 
Canned anchovies. tuna. sardines and kipper 
fillets 
1982 31 118 Smoked. frozen and raw mackerel. Canned 
sardines. tuna and pilchards; Herring pickled 
or kippered Gefilte fish 
Source: Taylor (1986) supplied from World Health Organization. Geneva. 1985. 
2.2.1.5. Implicated Foods: 
Histamine poisoning originally was associated mostly with pelagic scombroid fish 
containing high levels of histamine. As can be seen from the previous tables (8. 9. and 
10). the most frequently involved foods in this type of poisoning are fish. mainly 
mackerel and tuna. These type of fish contain large amount of histidine in their muscles. 
which is the source of histamine. and they are the preferentially consumed fish in most of 
the countries. in fact. mahi-mahi has become a major source of histamine poisoning in the 
US compare to the others. because of its increasing consumption in this country (Arnold 
and Brown. 1978; and Taylor. 1986). According to Taylor (1986). S. Finland. Norway. 
Sweden. and Iceland reported few histamine poisoning outbreaks- despite a high level of 
consumption of fish. The reason given in the previous section could explain that 
question and also the fish eaten mostly in these countries are not susceptible to histamine 
formation. also catching and storage temperatures are low, which minimizes the 
histamine formation. Table 8, 9, and 10 represent the type of fish which may be 
implicated in histamine poisoning (Taylor, 1986). The other associated foods with 
histamine poisoning are cheese, chicken, sauerkraut, shellfish, red meat, wine, vinegar 
and beer. The potential role of cheese in histamine outbreaks has recently been 
recognized. The first reported cheese outbreak was in the Netherlands with Gouda 
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38 cases were reported involving Swiss cheese (Taylor, 1986). Proteinaceous foods 
subjected to putrefaction and fermented foods are particularly likely to contain large 
amounts of histamine. Sauerkraut, wine and fermented, dry sausages such as Italian 
salami and pepperoni are known to have occasional high levels of histamine (Taylor, 
1986). Taylor (1986) has also reported that, chicken was implicated in one incident in 
Japan, shellfish was implicated in a single U.S. incident and ham was involved in an 
outbreak in France. 
2.2.2. DISCUSSIONS ON WHETHER HISTAMINE IS THE CAUSE OF FOOD 
POISONING: 
There have been several arguments about whether or not dietary histamine is the only 
(sole) causative agent of histamine poisoning. Recent medically supervised trials carried 
out on healthy volunteers who consumed mackerel containing high levels of histamine 
showed absence of symptoms (Clifford et al., 1989). Also the histamine content of 
mackerel fillets associated with incidents of Scombrotoxicosis varied with extreme values 
of 440-2800 mglkg flesh (ljomah et aI., 1991). Some samples of mackerel low in 
histamine caused symptoms diagnostic for Scombrotoxicosis, (Ijomah et al., 1991) 
whereas exogenous histamine, even in a large doses has failed to do so (Clifford et aI., 
1989). Therefore, endogenous histamine produced by the mast cells of the human body 
rather than exogenous (dietary) histamine was suspected. The above same group of 
scientists who carried out this project (Torry Research Station in conjunction with 
Surrey Research Institute) later undertook another trial on this subject. According to 
their study there' was a lessening in the symptoms of Scombrotoxicosis following 
pretreatment with lOO mg sodium cromoglycate (a mast cell stabilizing agent) (Clifford 
et al., 1991), drawing attention to the possibility that endogenous histamine maybe more 
important than dietary histamine in the aetiology of Scombrotoxicosis. However 
Morrow et al. (1991) found evidence that it is dietary histamine which causes 
Scombrotoxicosis. They also did medically supervised trials on healthy volunteers with 
fish (marlin) containing high histamine levels as well as testing urinary excretion of 
histamine and its metabolite N-methylhistamine on people who had Scombrotoxin food 
poisoning. They also measured PGO-M (a, 11 lHIihydroxy-1 5-oxo-2, 3, 18, 19-
tetranorprost-5-ene-l, 20-dioic acid), the principal metabolite of prostaglandin 02,- a 
mast-cell secretory product, to assess whether mast cells had been activated to release 
histamine. According to the results they observed there was an increase in urinary 
histamine and n-methylhistamine just after observation of histamine poisoning symptoms. 
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The levels of both decreased later levelling to nonnal after 4 days. In contrast, there was 
no increase in PGD-M excretion at any time. 
The failure to find increased endogenous release of prostaglandin D2 in association with 
increased levels of histamine suggested that the source of the excess of histamine was the 
fish rather than the release of histamine from the mast cells. They also further supported 
this result by finding that the ingestion of fresh fish containing undetectable quantities of 
histamine did not result in increased urinary excretion of histamine. 
The conflicting results observed by Clifford et al. (1989) and Ijomah et al. (1991) can be 
explained by the presence of considerable inter-individual differences in susceptibility to 
the toxins (Ijomab et aI., 1991). More recently, Clifford and Walker (1991) suggested 
that algal toxins such as savitoxin in fish rather than histamine maybe a significant factor 
in histamine poisoning. However, this has not yet been proven and is less likely since 
other types of food rather than fish were also involved in histamine poisoning (as 
mentioned in Section. 2.2.1.5.). 
2.2.3. THE IMPORTANCE OF OTHER HISTAMINE-LIKE AMINES IN 
HISTAMINE POISONING: 
Histamine may not be the only causative agent of histamine poisoning because of its 
relatively low peroral toxicity in humans (Kim and Bjaldenes, 1979). There are several 
authors who suggest that substances in addition to histamine may be involved in this 
poisoning. Kim and Bjaldanes (1979) have reported that putrescine potentiates the 
peroral toxicity of subsequent doses of histamine in guinea pigs and cadaverine causes a 
pronounced increase in the toxicity of histamine on simultaneous administration of the 
two compounds. Spennine has been reported to liberate endogenous histamine in 
intestinal fluids of guinea pig. Also, histamine taken with a meal (bread, milk and butter) 
has been reported to be absorbed to a greater extent than histamine consumed by itself 
(Kim and Bjaldenes, 1979). In 1955, Geiger fed spoilt fish containing high levels of 
histamine to animals without inducing any toxic symptoms. It has been stated that orally 
ingested histamine is destroyed (detoxified) in the gastrointestinal tract before significant 
quantities are absorbed and that poisoning only arises if the detoxification mechanism 
was disturbed or the histamine was absorbed at a rate so much increased that 
detoxification could not keep up with the entry of histamine into the circulation. In 
addition, environmental and dietary factors could enhance or retard the production and 
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absorption of histamine. Fmally, acetylation of histamine by the gastrointestinal 
microflora could render it inactive (Motil and Scrimshaw, 1979). 
2.2.4. HISTAMINE FOOD POISONING IN POULTRY (GIZZARD EROSION 
OR BLACK VOMITING): 
The effect of histamine on animals, such as pigs, chicks, dogs, and cats was reponed by 
Taylor (1986). 
In 1959, Shifrine et al. reviewed earlier work on spoiled tuna meal which caused 
poisoning in chicks when fed at 30% of the diet. This was manifested by rapid loss of 
weight and occasional deaths. The actual cause of the poisoning was not clear but they 
suspected histamine. Therefore, feeding trials were carried out with 12 day old chicks 
fed spoiled tuna meal with known levels of histamine as 20% of their diet. The results 
showed that when chicks were fed meals which contained very little or no histamine they 
grew at a higher rate than those fed on spoiled tuna, which contained 0.12, 0.16 and 
0.4% (/lOOg) of histamine. The reduction in the rate of growth and depression in total 
growth of the chicks were proportional to the amount of histamine in the feed. 
However, only the highest level of histamine, for example, 0.4%, caused a loss in weight 
by the chicks. Shifrine et at. (1959) were the first to report poisoning of chicks by 
histamine in fish meal, a condition called gizzard erosion (GE) or black vomiting due to 
the presence of black vomit in gizzards of affected chickens. Wood (1988) has described 
the common symptoms as: loss of appetite, dehydration and listlessness. Pale birds 
appear about two weeks after the onset of clinical black vomit. Lesions are found in the 
gizzard, crop and proventriculus of chicks and they often contain a black fluid which runs 
from the mouth. Ulcers may also be seen in the gizzard. Mycosis, a carpet-like 
appearance, may be present in the crop. In 1988, it was reported that the mortality in the 
flocks may go as high as 15%, but is usually less, and morbidity, which is higher than 
mortality, may be 30%. It most often affects birds from 3 to 8 weeks of age. Economic 
loss occurs due to reduced weight gain and the additional time needed to market the 
birds which may otherwise be rejected as emaciated (Wood, 1988). 
Since 1959, GE has been considerably ignored until the beginning of 1970s. From the 
late 60's and early 70's the development of intensive broiler farming, (which is designed 
to give very rapid growth) expected a very rapid growth in the broilers, therefore any 
problems such as the GE would become more apparent. Janssen (1971) reported that in 
the spring of 1969 the Dutch broiler industry was increasingly troubled by GE symptoms, 
therefore research was carried out to identify the cause of the problem. According to 
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experimental feeding trials, GE was found in groups of chicks receiving a higher 
percentage (over 1l.7%) of Peruvian fish meal in their diet. The number of cases rose 
with increasing percentage of fish meal. In contrast, the number of affected gizzards and 
the seriousness of the defect decreased with the decreasing percentage of Peruvian fish 
meal in the ration. The body weight of the chicks was also affected and a decreasing 
percentage of fish meal in the ration of the diet resulted in increasing average body 
weight. However, nearly all rations used experimentally showed a clear effect on the 
body weight when the gizzard was severely eroded. Unfortunately, the responsible 
factor in the fish meal causing poisoning was not identified. 
Since the study of Janssen (1971) many workers have presented reports on gizzard 
erosion in broilers, and considered that fish meal in the diet induced these lesions. 
Among the constituents of fish meal, histamine was suspected to be the cause and the 
role of histamine and fish meal in the incidence of GE was further investigated by Harry 
et al. (1975). The feeding trials of Harry et al. (1975) also agreed with Janssen (1971), 
but they further discovered that the addition of 1 to 10 mglg histamine to the diet 
resulted in the development of gizzard lesions in 45% of chicks. Examination of the 
chicks after withdrawal of histamine. showed a progressive decline in the incidence of 
gizzard lesions. 
They pointed out that the quantity of histamine produced by microbial decomposition is 
influenced by the amount of histidine present in the muscle of the fish used to produce 
fish meal, which relates to the species of the fish. They also suggested that although 
most cases of GE reported were associated with the feeding of fish meal, it is likely that 
all protein sources subjected to microbial decomposition are favourable to the production 
of histamine. Thus, the presence of histamine in fish meal has been implicated as the 
cause of gizzard erosion by many researchers (Umemura et aI., 1981 and Itakura et aI., 
1982). 
Miyazaki and Umera (1987) reported that GE in broiler chicks also occurred widely in 
Japan during late 1970s. They carried out a study to prevent GE occurring and 
investigated several factors, including histamine. Therefore, they suggested that the 
severity of the lesions of GE caused by histamine could be reduced using diphenydramine 
and gastric antacid, but using cimetidine (H2-receptor antagonist of histamine) 
completely stopped the formation of the lesions induced by histamine. However, this 
area needs to be further investigated, such as field trials and collaborative evaluation 
studies. 
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2.2.5. ANALYTICAL METHODS USED FOR HISTAMINE ANALYSIS: 
Analysis of most compounds can be carried out at varying levels of accuracy. The 
following factors can influence the choice of method used: the actual need for accuracy, 
time considerations, technical skill involved, the expense and the availability of reagents 
or equipment used. Baronowski (1985) pointed out that there is no simple, inexpensive, 
yet highly accurate method for histamine analysis. The earliest methods used for 
detecting histamine were bioassays reviewed by Arnold and Brown (1978). They either 
depended on the guinea pig ileum contraction method or nsing biological systems, 
including protozoa, fish species, insects and microorganism. Because of their many 
reported disadvantages (Arnold and Brown, 1978) bioassays are not widely used, and 
more popular methods were developed. 
2.2.5.1. Colorimetric Method: 
Colorimetric determination of histamine relies on the reaction of histamine with either 
2,4-dinitrofluorobenzene (DNFB) or coupling with a diazotized aromatic amine to 
produce an azo-dye (Code and McIntire, 1956). These coupling reagents are not 
specific in their reactivity, hence clean-up of the sample is necessary to exclude 
interfering substances (Arnold and Brown, 1978). Sager and Horwitz (1957) presented 
a co10rimetric assay which gave results comparable to a slightly modified guinea pig 
bioassay. This procedure was subsequently modified (Williams, 1960) and adopted by 
the AOAC as an official method (Baronowski, 1985). However, there have been a 
number of complaints regarding the use of this procedure (Arnold and Brown, 1978) as 
it requires careful attention to procedural detail and is tedious. Hardy and Smith (1976), 
therefore, have developed a simpler colorimetric assay for histamine. Baronowski 
(1985) agrees with Hardy and Smith (1976) on the simplicity of this method and pointed 
out that the degree of difficulty is roughly equivalent to the AOAC fluorometric method 
which will be mentioned later. A column limitation of 2 mg (for the volume used for 
column separation) of histamine is roughly equivalent to a histamine concentration of 30 
mg % (/IOOg) in the sample if the maximum sample volume of 75 rnl is applied to the 
column but this should present no problems. They argued that 2 mg limitation is 
assumed to be based on the resultant concentration of 80 Ilg/ml (2 mg/2S ml) in the acid 
eluent (the maximum of the standard curve), and not a limiting quality of the column 
material. 
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2.2.5.2. Fluorometric Method: 
A relatively simple fluoromeuic method (Shore et aI., 1959). involves the extraction of 
histamine from alkalinized perchloric acid tissue extracts with n-butanol, and its ultimate 
condensation with o-phythalaldehyde (OPT) to yield a stable and strongly fluorescing 
product. Levels of histamine as low as 0.005 J.Ig1ml can be assayed. However, methods 
with extraordinary sensitivity are not usually required for assay of histamine in fish and 
fish products such as fish meal since the levels will be much greater than those found in 
ordinary tissues. Fluorometric assays have found broad application for the determination 
of histamine in a variety of biological materials. A detailed review of the fluorometric 
method for histamine analysis can be found in Shore (1971). Shore et at. (1959) claimed 
that their method was sensitive and precise for histamine, however, later it was found 
that it was not entirely specific for histamine. Interference was noted by histidine, histidyl 
peptides and other amines including spermidine and spermine (Kremmer and Pfeiffer, 
1966; Shore, 1971; and Taylor and Lieber, 1977). Hakanson and Ronnberg (1974) 
suggest eliminating the interference of spermidine by performing the condensation 
reaction at -20°C, but analysis time is lengthened greatly. Modifications involving ion 
exchange chromatography to remove the interfering substances proved more successful 
(Michaelson and Coffman, 1969; Lerke and Bell, 1976; and Staruszkiewichz et aI., 
1977) A modified fluoromeuic assay has been reported by Staruszkiewichz (1977) and 
subjected to collaborative study by Staruszkiewichz et al. (1977). It has been approved 
by AOAC for histamine analysis in foods in the V.S. The studies indicate excellent 
agreement between laboratories with recoveries averaging 99% (a range of 91 to 107%). 
The procedure involves subjecting food extracts to anion exchange (Williams, 1984), 
derivatising the histamine according to the method of Shore et al. (1959) and measuring 
the fluorescence of the resulting compound. Michaelson and Coffman (1969) and Lerke 
and Bell (1976) reported that cation exchange resins work equally well for removal of 
the interfering materials. 
Baronowski (1985) argued that the modified method by Staruszkiewichz (1977) 
although accurate, was slow. Simple modifications to the AOAC method are 
polypropylene valves for the disposable column used in ion exchange treatment of the 
methanol extracts to help control the flow rate. and a packed column which may be used 
for at least six sample clean-ups prior to re-generation of the resin. The cation exchange 
procedure for fluoromeuic detection of histamine using OPT is the currently accepted 
procedure in Germany (formerly in the Federal Republic of Germany) (Taylor. 1986). 
An alternative procedure for histamine analysis in foods uses sequential extractions to 
remove interfering substances reported by Taylor (1985). Food extracts are diluted. 
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made alkaline with 5N sodium hydroxide (NaOH), saturated with sodium carbonate 
(Na~03> and extracted sequentially with n-butanol and O.lN hydrochloric acid (HCl). 
The acid phase is assayed for histamine with OPT. This method is currently used widely 
in Great Britain for the analysis of fIsh (Taylor, 1985). The fluorometric method with 
OPT has been automated (Luten, 1976) for canned fish products. 
Baronowski (1985) indicated that both fluorometric and colorimetric methods were 
sensitive and accurate for histamine determination. The presence of histidine interferes 
with the quantitative determination by both methods being twice as pronounced in the 
colorimetric method. However, histidine was effectively separated from histamine by 
Amberlite CG-50 column chromatography (Pan et aI., 1982), which the recent modifIed 
colorimetric method employs. 
2.2.5.3. Thin Layer Chromatography (TLC): 
Numerous TLC systems have been devised for the analysis of histamine in foods. Lieber 
and Taylor (1978a) compared various TLC systems and concluded that 
methanol:ammonia (20:1) (recommended by Lin et aI., 1977) was an adequate stationary 
phase. Lieber and Taylor (1978b) also compared various spray reagents for their 
specificity in the detection of histamine on TLC plates. Ninhydrin was the most 
convenient spray to use. OPT also has been used as a spray reagent for TLC plates 
(Turner and Wightrnan, 1968). 
Other TLC methods involve the derivatisation of histamine and other amines in the 
sample followed by separation of the derivatised amines, but these systems have not 
being applied to foods (Taylor, 1986). An earlier review of TLC procedures has been 
made by Arnold and Brown (1978). Baronowski (1985) reported the currently used 
most acceptable TLC procedures which are of Schutz et al. (1976), Un et al. (1977) and 
Murray (1984) as quoted by Baronowski (1985). The detailed procedures of these three 
methods have been also reviewed by Baronowski (1985). The major differences between 
the first two methods were sample preparation, the development of sol vent, the time 
involved in the separation and the development reagent preferred. He pointed out that in 
TLC, the carrying capacity of the support is directly proportional to its thickness and the 
thickness is inversely proportional to the speed of development, although the solvent 
itself has a major role in this. The plates used by Schutz et al. (1976) which were 
polyethylene tetraphthalate were thinner and therefore faster those used by Lin et al. 
(1977) who used glass-silica gel plates. However, it is suspected that the useful range of 
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histamine that could be analysed would be higher with the system of Lin et al. (1977). 
Using glass and polyethylene tetraphthalate has advantages and disadvantages. Glass has 
the disadvantage in being fragile but does allow for simpler densitometric analysis if 
used, while the polyethylene tetraphthalate plates are somewhat more economical in that 
the plate may be cut to accommodate a limited number of samples rather than leaving 
plate space blank. The method described by Torry Research Station (Murray, 1984 as 
quoted by Baronowski, 1985) is used in this study as a routine analytical method for 
histamine in fish and fish meal and is described in detail in Section 4. 
2.2.5.4. High Performance Liquid Chromatography (HPLC): 
HPLC is a type of liquid chromatography (LC) which has also been adapted to the 
analysis of histamine in foods. Precolumn derivatizations with OPT (Buteau et at., 1984, 
and Subden et al. 1978) or dansyl chloride (Hui and Taylor, 1983) have been used 
successfully. An application of post-column derivatisation with OPT was reported by 
Ritchie and Mackie (1992) for the detennination of biogenic amines in fishery products. 
Other HPLC methods have been applied successfully to seafood for the detennination of 
histamine and other putrefactive amines. For example, an HPLC method by Meitz and 
Karmas (1977), an ion-moderated partition HPLC by Gill and Thompson (1984) for 
rapid automated detennination of histamine and other amines in seafood and a reversed-
phase HPLC method by Gouygou et al. (1987). 
Walters (1984) criticised the method of Mietz and Kannas (1977) for involving lengthy 
extraction and derivatization steps and suggested using a more simple and faster method. 
Parry (1989-1990) argued that the column used for the method of Gill and Thompson 
(1984) was very sensitive to organic solvents (tending to swell or shrink) and it was also 
very expensive to replace. 
The detection of histamine by LC presents a problem because histamine does not have 
enough ultraviolet absorbance or fluorescence, nor does the molecule appear to be 
amenable to electrochemical detection. However, Walters (1984) suggested that 
histamine detection can be enhanced by either pre- or post-column chemical 
derivatization and developed an LC method for the detection of histamine in fish with 
post-column reaction and fluorometric detection. The recovery of this method was 
98.4% in tuna and mahimahi samples with a 1.5 ng histamine detection limit. 
Hayman et at. (1985) discussed using pre-column derivatisation reagents including m-
toluoyl, dabsyl- and dansyl- chlorides, OPT, fluorescamine, and phenyl isocyanate. 
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Dansyl (Dns) derivatives were chosen because they are stable, have good 
chromatographic properties, can readily be freed from salts by solvent extraction, may be 
detected fluorometrically at nanogram level and can be formed from both primary and 
secondary amines. They introduced a new HPLC system for the separation of biogenic 
amines as their Dns derivatives using dansyl chloride. 
Usually, HPLC and Gas Chromatography procedures offer the additional advantages of 
detecting other amines in the food samples (Taylor, 1986) and a large number of 
researchers have turned to HPLC for this purpose. While these procedures require 
greater commitment in terms of capital investment, in many cases a number of other 
amines (putrescine, cadaverine, spermidine or spennine) can be quantified concurrently, 
which may be useful in the evaluation of freshness based on a complex amine index 
(Baronowski, 1985). Luten and Bouquet (1992) reported an inter laboratory 
comparison study for the determination of histamine and other biogenic amines in fIsh by 
35 laboratories. The methods used were mainly HPLC with different fonnats, 
Continuous How analysis, ion-exchange chromatography. Unfortunately only 30% of the 
participants were able to determine histamine at a level of 25-110 mglkg accurately and 
reproducibly. The accuracy of the methods used by 25% of those laboratories strongly 
needed to be improved. The repeatability of 50% of the laboratories also had to be 
improved. Therefore, this study is an indication that highly technical methods such as 
HPLC, for histamine analysis are not always reliable and require great technical expertise 
for accurate and reproducible measurements. 
2.2.5.5. Gas Chromatography (GC): 
Several GC procedures have been developed specifIcally for histamine. Histamine must 
be converted into some volatile derivatives that can be separated by GC. Staruszkiewicz 
and Bond (1981) developed a GC method for the determination of histamine, cadaverine 
and putrescine in foods. Henion et al. (1981) fIrst introduced GC-mass spectrometric 
(MS) analysis for histamine from complex matrices such as tuna fIsh. It is based upon 
trimethylsilylation using a high resolution fused-silica capillary column, which interfaced 
directly to a mass spectrometer operated in the positive ion chemical ionization (PCI) 
mode. Later, Wada et al. (1982) published a GLC method 'for histamine analysis in 
marine food products which employs ion-exchange column chromatography (Amerlite 
CG-50). Quantitative limitation of histamine with this method was 0.5 mg/Ioo g when 2 
g of sample were used. The recovery varied from 104% to 113%. 
30 
2.2.5.7. Other Methods: 
Isotachophoresis (Shelly and Juhlin, 1966, and Rubach et al., 1981) and ion-exchange 
chromatography (Andrews and Baldar, 1983) can also be used in analysing histamine. 
Zee et al. (1981) have reported a modified ion-exchange chromatographic method for 
separation and quantification of biogenic amines in beers requiring the use of a single 
column. However, these methods are not widely used in the food area. Enzymatic 
methods can be very specific, rapid and quantitative (Morgan, 1985). An enzyrnatic 
method for the semi-quantitative analysis of histamine has been developed by Lerke et al. 
(1983) which can be used routinely. This method is based on the fact that the enzyme 
diamine oxidase catalyses the conversion of histamine to imidawle acetaldehyde with the 
concurrent conversion of oxygen to hydrogen peroxide. Hydrogen peroxide is converted 
back to oxygen and water by the action of horseradish peroxidase (HRP). Concurrent to 
this reaction is the oxidation of leuco-crystal violet (a colourless compound) to crystal 
violet, an intensely purple compound. The colour formed should be directly proportional 
to the amount of histamine present, although due to the very complex nature of the 
reaction and sample, somewhat less than ideal results are found. 
Paper chromatography was also used for the rapid screening of histamine in seafood 
(Foo, 1977). However, these methods are only semi-quantitative, and therefore, are not 
widely used for quantification of histamine in foods. 
Friedman and Noma (1981) introduced a histamine analysis method using a commercial 
amino acid analyzer and applied it to tuna samples. They indicated that this method may 
offer certain advantages, such as the ability to measure histamine in the presence of other 
amino acids thus obviating the need for special extraction and purification techniques. 
Another advantage is that the analysis is automated, permitting after hydrolysis, the 
sequential unattended assay of as many as 80 samples. 
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2.2.6. IMMUNOASSA YS FOR HISTAMINE ANAL YSIS: 
2.2.6.1. General Introduction to Immunoassays: 
Immunoassays are sensitive, specific and have many advanlages over other analytical 
techniques. They can often be performed on complex biological (or food) matrices with 
minimal sample clean-up, which gives beneficial effects on assay perfonnance, time and 
cost. They can also be applied to the rapid and routine analysis of large sample numbers 
(Morgan, 1985). These unique properties of immunoassays result from the nature and 
affinity of the antibody interaction with its specific antigen. 
Rittenburg (1990) has described immunoassays as being analytical techniques based on 
the specific and high affinity binding characteristics of a group of inducible animal 
derived proteins or immunoglobulins. These immunoglobulins called antibodies (i.e. a 
key element in animal body to immuno-responce) are produced in the animal body to 
neutralise and help to destroy invading foreign subsJances which are called antigens. 
Each antibody molecule has specific binding sites for cerJain antigenic determinants 
found on the surface of an antigen. The antibody binding sites of a molecule (or a 
substance) are called epitopes, which an epitope can be equivalent to 3-6 amino acids 
(Morgan, 1991). All immunoassays are directly dependent on the immuno-complex 
bond formation that enables an antigen and antibody to fit together 'hand in glove'. The 
term antigen refers to any subslance which an antibody will bind (it is often used to 
represent both epitope and immunogen), and the term immunogen refers to those 
subsJances capable of inducing an immuno response when injected into a suilable animal 
to stimulate the production of antibodies (Rittenburg, 1990). 
Morgan (1985) and Rittenburg (1990) have claimed that low molecular weight 
compounds (below a range of 100() d or 5000 d) are generally not immunogenic on their 
own. However, once they are atlached to a larger macromolecular carrier molecule such 
as protein (e.g. bovine serum albumin), they are able to stimulate antibody formation. 
These large compounds are called haptens (partial antigens) e.g. certain drugs, toxins, 
pesticides and hormones (Monroe, 1984). 
Synthesizing an hapten conjugate is carried out by using functional groups present on the 
analyte or introducing functional groups by forming an analogue (Candlish, 1991). 
Immunoassay techniques generally involve labelling an antibody, hapten or antigen either 
with an enzyme, in Enzyme Immunoassay (EIA), such as peroxidase, then measuring 
enzyme activity irthibition with immunochemical reactions (Monroe, 1984), or a 
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radionucleide in Radio Immunoassay (RIA), or fluorescent in Fluoresence Immunoassays 
(FIA). 
Immunoassays have been used for nearly 30 years in clinical areas, but food science has 
been slow to realise the benefits of this methodology (Lee and Morgan, 1988) with 
applications in food science for only about ID years. These techniques have often been 
applied in situations where substances were considered difficult to detect. Yalow and 
Berson (1959) were the first reported researchers who used immunoassays, in applying a 
radioimmunoassay for plasma insulin (Morgan, 1985) in which the antigen is labelled 
with a radionucleide as a tracer (Morris, 1985). In 1971, Engvall and Perlmann first 
described an EIA technique in which the analyte to be detected binds either to an antigen 
or to an antibody coating a solid surface to allow measurement of adsorbed enzyme 
conjugate. They called the method an enzyme linked immunosorbent assay (ELISA) to 
describe an immunoassay using enzyme labelled antigens, antibodies or haptens. 
Two types of antibody preparation are available. These are polyclonal and monoclonal. 
The polyclonal antiserum is a mixture of antibody molecules against various epitopes of 
an immunogen. In this type, each antibody will have different affinity and specificity for 
its own particular epitope. The monoclonal antibodies are immunoglobulin molecules 
secreted from immortal hybrid cells formed by the fusion of tumour cells with preplasma 
cells. Each clone is a potential source of large and pure quantities of a single highly 
specific antibody directed against one epitope (Candlish, 1991). 
According to Candlish (1991), polyclonal antibodies are generally simple to prepare and 
require less technical expertise and time than for monoclonal antibodies, which require 6-
18 months to develop with adequate and experienced back-up. 
There are many different types of immunoassay using a variety of formats and end-point 
detection systems, but the type of immunoassay that is used most widely in food analysis 
is the ELISA (Lee and Morgan, 1988). Mainly, there are two basic types of enzyme 
immunoassays. 
a) Homogeneous EIAs: 
The activity of the enzyme label is modulated by the antibody-antigen reaction and does 
not require any separation steps after mixing reagents. In 1972, Rubenstein et al. 
developed a new homogeneous EIA method in which competitive binding occurs. i.e. the 
enzyme activity is inhibited when antibody is bound to the enzyme conjugate. 
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This method is now known as enzyme-multiplied immunoassay technique (EMIT) which 
has gained wide-spread use for rapidly assaying small molecules such as hormones or 
drugs in body fluids (Monroe, 1984). Sauer et al. (1985) claimed that these assays are 
far less sensitive than heterogeneous assay (lOO-WOO fold) although they can provide 
very rapid tests (2-3 min). 
b) Heterogeneous EIA: 
The assay is called heterogeneous EIA because it requires several washing steps to 
separate the bound form (antigen-antibody complex) from the free-enzyme-label, because 
the activity of the enzyme label is not affected by the antigen-antibody reaction. 
Heterogeneous ElAs can be designed as either competitive or non-competitive assays 
(Rittenburg, 1990). ELISAs (which are of this type) make use of an enzyme for the 
generation of signal, which is usually a coloured product which can be seen by the eye 
and quantified spectrophotometrically. The preferred format for these assays utilises the 
96-well microtitration plate, which is very easy to handle, can be processed manually or 
fully automated, and which enables large numbers of samples to be analysed rapidly (Lee 
and Morgan, 1988). 
1. Competitive assays or Limjted Reagent Assay This type of assay is based on a 
competitive reaction where a limited amount of antibody becomes distributed between 
either labelled analyte (or immobilised analyte) and the analyte from the sample or 
standard (Lee and Morgan, 1988). Morris (1985) described the analyte as the substance 
in a test sample whose quantity is to be determined or presence detected. Therefore 
unknown analyte and added labelled analyte compete for the binding sites. The fmal 
product concentration is inversely proportional to the concentration of analyte from 
standard or sample (Candlish, 1991). 
There are also two types of competitive assays. These are direct and indirect 
competitive enzyme linked immunoassays. The direct competitive ELISA uses primary 
antibody immobilized to a solid support and an enzyme labelled antigen conjugate, and 
free antigen in the sample (analyte) and standard competes with antigen-enzyme 
conjugate. 
The indirect competitive assay is similar to the direct type but, in this case the antigen is 
bound to the solid phase. Fig. 4 illustrates a indirect competitive ELISA (modified from 
Rittenburg, 1990). Second antibody in the indirect ELISA is not always applied, but its 
application increases the sensitivity of the method. 
Step. 1: Binding antigen (analyte) to.polystrene microtilre plate and 
incubation. 
Step. 2: After washing the plate, add sample or standard in 
the pnesence of antibody and Incubate. 
(a) antigen (anaJyte) pnesence in sample 
(b) no antigen pnesence In sample. 
I ~ Ao\1 
(a) (b) 
Step. 3: After unbound sample material and antibody 
washed away, add enzyme-labelled antllllobulln antibody 
(2nd antibody) and incubate. 
Step. 4: Wash the plate, add chromogenic substrate that 
changes colour In presence of antibody-enzyme conjugate 
and Incubate • 
• 
I ~~~~°nl 
(a) (b) 
Amount of antigen (analyte)= (b) - (a) 
Symbols: Ll. Antlgen a1tached to mecrotitre plate 
o Targst anUgen (analyte) 
J.. Primary antIbody 
Lt . Enzym .... labelled anti.globulin antibody 
o Enzyme substrata 
• Coloured product of enzyme substrate 
Rg.4 : The indirect competitive EUSA using 
antlbody-enzyme conjugates 
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2. Non-competitive assays (sandwich assays or excess reagent assays): This type of 
assay involves an excess amount of two different antibodies, a capture antibody and a 
detecting antibody, which will bind all of the analyte present in a sample or a standard 
solution (Lee and Morgan, 1988). They are mostly used for large molecules such as 
proteins or whole cells such as bacteria and unlike competitive assays are mainly used for 
haptens (Candlish, 1991). Fig. 5 shows a sandwich immunoassay (modified from 
Rittenburg 1990). 
According to Candlish (1991), in developing an immunological method, four stages can 
be identified: 
a) preparation of antigen, 
b) production and assessment of antibody, 
c) development of a suitable assay, 
d) validation of the immunoassay in relation to food samples, both spiked and naturally 
contaminated. 
Immunochemical methods have been applied for determination of a variety of microbial 
originated toxins such as food contaminants mycotoxins including aflatoxins, ochratoxin, 
and sterigmatocystin; and enterotoxins; as well as microbial food contaminants such as 
Salmonella, Clostridium, Listeria and moulds. 
Lee and Morgan (1988) have reported that aflatoxin analysis by ELISA and high 
performance liquid chromatography (HPLC) in smooth peanut butter samples showed a 
good correlation of r= 0.97 and the ELISA was found to be at least six times faster than 
the HPLC method. 
2.2.6.2. Immunoassay Studies for Histamine Analysis: 
To date there have been several methods available for analysing histamine in food 
samples, including, colorimetric methods, fluorometric methods, Thin Layer 
Chromatography (TLC), and High Performance Liquid Chromatography (HPLC) (as 
described in previous section 2.2.5.). Unfortunately, there is still a need for a method 
which is simpler as well as cheap and reliable compared to current methods which are 
applied to histamine analysis in food samples. [Since immunoassays have proved to have 
advantages over other methods in measuring many chemical compounds such as 
aflatoxins (Ward and Morgan, 1991) and pesticides (Van Emon et ai., 1986). It was 
decided to apply this technique to histamine analysis]. 
Step. 1: Adsorb the antibody to a solid phase such as the 
surface of a microtitrate well and incubate. 
Step. 2: After washing the microtitrate plate, add sample or 
standard (analyte) to the wells, and incubate. 
Step. 3: After washing the unbound analyte (antigen) add 
enzyme-labelled antibody and incubate. 
Step. 4: Wash unbound material, add substrate and 
incubate. 
The amount of the coloured product that develops is 
proportional to amount of antigen in the sample. 
Symbols: Y Capture antibody (1 st antibody) 
l 
o 
o 
• 
Enzyme-labelled antibody (2nd antibody) 
Target antigen (analyte) 
Enzyme substrate 
Coloured product of enzyme substrate 
Fig. 5: Double antibody sandwich enzyme immunoassay. 
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As histamine has a low molecular weight of 111.1, it is not immunogenic by itself, 
therefore, it must to be conjugated to a protein before immunization. In this conjugated 
form antibodies to histamine will be produced. It is also difficult to bind histamine 
directly to the microtitration plates for a competitive ELlSA format, therefore to 
facilitate this binding, it must also be conjugated to a protein which is different from the 
protein used in the immunogen synthesis. This conjugated product is called coating 
conjugate. The immunoassays for histamine analysis that have been carried out so far are 
mainly radioactive methods (Haydik, 1983; Buckler et al., 1987; Morel and Delaage, 
1984; and Guesdon et al., 1986). The principal conjugation routes were mainly through 
the primary amine of histamine. Fig. 6 shows the structure and the possible conjugation 
routes of histamine which are marked as 1st route, primary; 2nd route, secondary; and 
3rd route tertiary. 
1--I-CE2CH2N~ (1st route, primary) 
(3rd route, tertiary) HN N 
~ (2nd route, secondary) 
Fig. 6: The structure of histamine with conjugation routes, 1st route, primary; 2nd route, 
secondary; and 3rd route tertiary. 
Morel et al. (1990) has reviewed the work up to 1986 on immunoassays for histamine 
analysis and has indicated that all the antibodies produced using conjugates synthesized 
through the primary amine route show a higher affInity for histamine derivatives 
(synthesized through the primary amine) than for free histamine. Mita et al. (1984) and 
Hammar et al. (1985) tried the secondary and tertiary routes respectively, however, they 
also found antibodies with high affinity to their derivatives. A summary of the work 
published by various authors showing some conjugation routes used to synthetise 
histamine to a carrier protein, (except Haydik, 1983 where no carrier was used) is 
represented in Table 11. The table was modified according to Morel et al. (1990). 
Guesdon et al. (1986) published an immunoassay method involving a histamine - bovine 
serum albumin (BSA) conjugate using 1,4 benzoquinone as a coupling agent 
(diazotization method). They raised monoclonal antibodies and claimed that they 
developed a sensitive immunoassay for histamine, detecting picogramme (pg) amounts 
(from 45 pg histamine to 2 ng/ml per sample) with no interference from histidine of 
methyl-histidine. The disadvantages of this assay are as follows; 
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- It is expensive and time consuming to produce monoclonal antibodies compared to 
polyclonal antibodies. 
- It takes at least 24 hr to complete the assay because it requires overnight incubation. 
- This assay was developed for biological fluids and not tested for food samples. 
Different food matrices and solvents (or chemicals used to extract histamine from food 
samples) were not tested for interference in this assay. 
- Not all the interfering chemical compounds such as the metabolites of histamine (e.g. 1-
Methylimidazole-4-acetic acid and Imidazole-4-acetic acid) were tested for interference 
with the assay although it may not be a problem for food samples. 
Rauch et al. (1992) developed the same method explained above for food samples. They 
reported that it enables the determination of histamine in fish, cheese, wine at a 
concentration as low as 7 ng/ml. However, it also could have the disadvantages 
mentioned above. The authors do not state the extent of the possible upper limit of 
detection of histamine levels, e.g. the sample could have a very low (1 pg/lOO g) or high 
(100 mg/lOO g) levels. The question arises of how one can know which dilution of the 
sample to use and what are the limitations. In food samples, a very low amount of 
histamine, such as below 5 mg/l00 g, is not important in terms of a health hazard, 
unfortunately, a variation of 5-100 mg/lOO g in the histamine level was reported by 
different reporters as permitted in different food samples (Arnold and Brown, 1978; 
Luten, 1983; and Taylor, 1986). 
Hammar et al. (1990) have improved the method which they originally published in 
1985, increasing sensitivity of the assay to a level of 2 Ilg/1. However, they reported that 
methyl histamine could interfere at 0.1 IlglI and serotonin at mg levels in the biological 
fluid samples. The second disadvantage of this method is expense since it involves 
monoclonal antibodies and thirdly the assay was not tested in food samples. 
Although Garbarg et al. (1989) used a polyclonal antibody with a similar approach to 
Guesdon et al. (1986) using lA-benzoquinone as the coupling agent, they developed a 
Radioimmunoassay (RIA) which is not preferred by the food industry. 
~ 
! Tablc. 11: Synopsis of histamine immunoanalysis. 
AUTHORS IMMUNOGEN TRACERS SENSITIVITY 
(nM) 
Haydik (1983) HN~:::~JFH2 CH 2NH 2- No Carrier 3H- Histamine 30 
Bucklcr et al. (1984) HN~:JFH2CH2NH -CH2CH2- CO-X 3H-Histamine 500 
Morel and Dclcgc 
HN.~:JFH2CH2NH -CcrCH2 CHT CO-NH -CH2- CO-X 1251 His SGTA *1 0.1 
(1984 and 1988) 
Gucsdon et al. HN~::~)FH2CH2NH ~ J3-galactosidase 0.7 
(1986) and Rouch 0 antibody 
et al. (1992) 
HN~:J\FH 2 CH 2 NH -CcrNH -<CH2 )6 - NH CO-X 125r His HD-GT Pcyret et al. (1986) 3 
Mita et al. 
HN~CH2 CH 2 NH - CcrCF 3 
3H-Histamine 65 
(1984) =N-@--CO-NH-X 
Hammar et al. 
HN~ .... y 
His-J3-gal. 100 CH2CH2NH -Co-CH2 CH2-S -CH2- CO-NH-X (1985 and 1990) 
x represents the earner If any. 
*1 HiSlamine - succinyl - glycyl - tyrosinamide. 
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Morel et al. (1990) argued that using succinyl glycinamide for derivatization of histamine 
has more advantages over other methods by increasing affInity. Unfortunately, the assay 
developed by them was a RIA and has the similar disadvantages to the other RlAs using 
monocional antibodies. Again it was not tested in food samples. 
In this study, the fIrst method chosen was to link a carrier protein to histamine through 
its primary amine group by using an alternative bridging group which is in contrast to 
other methods which have already been tried. As a second method, the same approach 
has been tried to that described by Mita et al. (1984) by using a diazotized method but 
the protected -NH2 group of histamine was deprotected. 
41 
2.3. SALMONELlA FOOD POISONING (SALMONELLOSIS): 
2.3.1. SALMONELLA FOOD POISONING IN HUMANS: 
2.3.1.1. Definition and Introduction: 
Salmonella food poisoning is a gastrointestinal human and animal infection caused by 
Salmonella spp. (except host specific Salmonella typhi and paratyphi, which are the 
cause of enteric fever in humans). This illness is also called Salmonellosis and has 
become an important world wide problem for the food industry, the public, and the 
regulatory authorities in relation to humans and sometimes animal health as well as the 
high cost of preventing the disease (Ellis, 1969; Hobbs and Roberts, 1987). In England 
and Wales, the number of cases of food-borne illness due to Salmonella doubled 
between 1981 and 1987, (HOC, 1989) and now constitutes the second highest cause of 
any reported gastrointestinal infection (Lee et al., 1990). 
In the mid-to late 1970s, salmonellosis accounted for approximately 40% of all reported 
cases of food-borne disease in the US. and Canada (Flowers, 1988) with 740,000 cases 
of foodbome salmonellosis occurring annually in the US over a 10 year period ending in 
1978. The annually estimated cost of salmonellosis in these countries was $4 billion 
which was the highest value amongst the food poisoning types (Todd, 1989). In the 
Canadian poultry industry, Salmonella infections could cost $3 million per year (Curtin, 
1986). Mortality of the cases also increases, for example in one hospital outbreak in 
1984 (Stanley Royd hospital, UK) 400 people (patients and staff) were infected and 19 
of them died (ITV, 1990). Amongst foods of animal origin, poultry and eggs became in 
the UK in 1990 the most common vehicle of Salmonella food poisoning (COR, 1991 and 
HOC, 1989). Therefore, this study will be mainly concentrated on the origin and the 
control of eggs and poultry-borne salmonellosis. 
2.3.1.2. Reservoirs of Salmonellae: 
Salmonellae species are mainly isolated from the intestine of warm-blooded animals 
(including man, cattle, poultry, birds, dogs, cats, rats, and mice), and from foods of 
animal origin (Hobbs and Roberts, 1987), insects (flies and cockroaches) and their faeces 
(Hobbs and Roberts, 1987; Marry, 1989). The number of reported serotypes have 
increased over the years and 2,000 Salmonella serotypes were reported by Flowers 
(1988), which are able to invade and infect the body of both man and animals. With few 
exceptions serotypes are not host specific and cross infections are frequent. Animal 
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feeds frequently contain the organisms (Ellis, 1969). It is accepted that members of the 
genus Salmonella are also found naturally in the environment of man and animals (e.g. 
they are known to survive in soil for several months) and result in infected and carner 
individuals (Foltz, 1969). Fig. 7 shows the major food animal reservoirs of Salmonella. 
2.3.1.3. Specific characteristics of Salmonella: 
Salmonella is a generic name applied to a group of biochemically and serologically 
related bacteria (Flowers, 1988). Salmonellae are members of the family 
Enterobacteriaceae. They are Gram-negative bacilli (short, thin) have flagella and are 
motile with some exceptions (Marry, 1989). They grow aerobically and anaerobically at 
between 5-45°C with an optimum temperature of 37°C (98.6°F) are readily killed by 
temperatures above 55°C (131°F), but can survive drying or freezing (Marry, 1989). The 
heat resistant strains of Salmonella are killed by holding a food at 70°C for 15 minutes 
(Stretch and Southgate, 1991). The most heat resistant strain of Salmonella is reported 
to be S. sen/tenberg (Bayne and Garibaldi, 1969). The aw for optimal growth of 
Salmonellae is 0.94 and its pH growth range lies between 4.5 to 9.0 (optimum 6.5 to 
7.5). 
2.3.1.4. Symptoms: 
In Salmonella food poisoning the bacteria multiply in the food so that large numbers of 
living bacteria are present in the food when it is eaten. Although some of the bacteria are 
killed by the acid in the stomach, most pass through to the intestines where conditions 
are favourable for their growth. They multiply and eventually die releasing poisons 
(endotoxins) which causes the unpleasant symptoms of the disease (Stretch and 
Southgate, 1991). The incubation period (i.e. the period between ingestion of the 
contaminated food) and the onset of the symptoms varies from 6 to 72 hr and generally 
falls within a range of 12-36 hr (Hobbs and Roberts, 1987). Variation in the incubation 
time may be attributed to the size of the infecting dose, the virulence (degree of 
pathogenity) of the organism, the susceptibility of the host, and the physiochemical 
composition of the transmitting food. The principal symptoms are nausea, headache, 
general aching of limbs, diarrhoea, abdominal pain, vomiting, drowsiness and moderate 
fever which generally lasts from 1 to 7 days and dehydration may occur resulting in great 
thirst (Silliker and Gabis, 1986; Hobbs and Roberts, 1987; and Flowers, 1988). 
Occasionally some strains of Salmonella (e.g. S. virchow, which is usually isolated in 
poultry products) can invade the blood stream and cause a septicaemia and in more 
extreme cases may cause a coma and can be fatal (Marry, 1989). 
,., 
.q-
Poultry . Pig Cattle Sheep and Goats (Chicken, turkey and duck) 
1 1 1 Meat Meat 
and raw milk Meat and raw milk 
'-----~:ISALMONELLA I~ 
~ 
Uncooked or lightly cooked food 
~ 
Infection 
~ 
Salmonella food poisoning 
(infection type) 
Fig. 7: Major animal reservoirs of Salmonella. 
1 
Egg products 
and poultry meat 
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The mortality for the population as a whole (in UK) is low, being 1%. Susceptibility 
varies, however, especially with age. Although the illness usually lasts for only 2 to 3 
days some of the symptoms may linger for weeks or even months (Hobbs and Roberts, 
1987; and Stretch and Southgate, 1991). 
2.3.1.5. Epidemiology of Salmonellosis: 
It is difficult to give a definite world-wide epidemiological report on the surveillance of 
Sainwnella food poisoning over the years. Firstly, because there is significant variation 
in the reporting of food poisoning outbreaks in different countries. Secondly, 
surveillance of Sainwnella food poisoning is often neglected in many countries, 
especially in developing countries. Some countries have just become aware of the danger 
of Sainwnella to public health but some still appear to ignore the problem. Perhaps, 
because they are afraid of the cost of preventing this disease or do not have enough 
trained staff and capital to report this type of food poisoning. Thirdly, even in the 
countries in which the surveillance of salmonellosis is most improved, there are still cases 
unreported. 
The majority of countries which have the best surveillance programs for food poisoning 
reported Sainwnella to be the main causative agent, such as, Canada, France, Poland, 
Hungary, Spain, Scotland. For example, 77% of food poisoning cases in Poland 
(Radkowski and Kafel, 1989),45% of outbreaks in France (Gerik, 1992) and 46.9% of 
cases in Hungary (Biro, 1992) were caused by Sainwnellae. In England and Wales 
between 1989 and 1993 Sainwnella food poisoning was the second main microorganism 
after Campyiobacter which caused food poisoning (COR, 1991) as can be seen from Fig. 
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The official registration of Salmonellosis in USSR was established in 1960. During 
1985-1990 the level of morbidity increased 2.5 fold and compared with data from the 
beginning of registration was an 8 fold increase (Cherkasskiy, 1992). Uzbekistan in 
particular is characterized by a high incidence of salmonellosis and there was a sharp 
increase in 1976 compared to other USSR regions. The morbidity also increased 4 fold 
over a five year period may be due to the high poultry and egg production and 
consumption in this country (Mirtazayev and Moustafayev, 1992). Table 12 shows some 
examples of epidemiology of Sainwnella food poisoning in several other countries. 
26% Salmonella 
21% 
CryIosporidlum 
Shigella, Giardia, ~. 
coli and others 
45 
34% Campytobacter 
Fig. 8: Comparison of Salmonella food poisoning to other food-borne originated illness. 
Among the cases and outbreaks of Salmonella spp., S. enteritidis (especially phage type 
4 (PT4)) has taken the lead in several countries, while earlier, S. typhimurium had been 
the main causative agent. For example, PHLS reported in 1981 in England and Wales 
that there were 392 isolations of S. enteritidis, by 1988 this had risen to 12,522 which 
represented 55% of the total number of Salmonella isolates identified by the laboratory 
(EHN, 1989). Fig. 9 shows that there was an increase in the incidence of S. enteritidis 
except a slight decrease was reported by CDR (1989-1993). In Scotland, S. enteritidis 
increased from 7% in 1980 to 54% in 1989 while S. typhimurium decreased from 52% in 
1983 to 21 %. 
Similar trends have occurred in other countries, such as in Hungary, the percentage of 
incidents caused by S. enteritidis increased from 5.4% in 1975 to 64.3% in 1990. At the 
same time the frequency of S. typhimurium decreased from 54% to 15.0% (Biro, 1992). 
In Poland since the beginning of the 1980s S. typhimurium has been replaced by S. 
enteritidis, which accounted for up to 96% outbreaks in 1988 (Przybylska, 1992). Food 
products containing raw eggs were the main source of these outbreaks (Radkowski and 
Kafel, 1989). 
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Table: 12. Epidemiology of Salmonella Food Poisoning in Several Countries. 
References Period (years) Country Outbreaks Cases 
Todd (1989) 1978-1982 Canada 1,792*4 
Aasen (1986) 1975-1981 Norway 240-450/year 
Sing (1986) 1959-1982 India 11 
Negomireanu & 1982-1984 Romania 252-196 
Cotulbea (1986) 
Banfield and 1988 England & 23,500*3 
Rogers (1989) Wales 
Palmer (1992) 1991 G. Britain 1,400 
Sharp et al. 1980-1991 Scotland 1952*2 
(1992) 
Perez et al. 1982-1986 Spain 143 
(1986) 
P6hn& 1983-1985 Germany 42 1,380 
GroBmann (FRG) 
(1986) 
Him et al. 1975-1990 Finland 102*1 
(1992) 
Cherkasskiy 1990 USSR 160,1571100,000 
(1992) population 
Andersson et al. 1990-1991 Sweden 26 11,854 
(1992) 
*1: 3341 aJfectedpersons. *2: 78 % of total outbreaks involving 11,039 persons. *3: 44 
% of cases. *4: 58.4 % per year of total cases (Johnson, 1992). 
2.3.2. IMPLICATED FOODS: 
2.3.2.1. Poultry as an Implicated Food in Salmonella Food Poisoning: 
The main reservoir of Salmonella infections in domesticated animals has shifted from 
cattle and pigs to poultry during the last 20 years (Koehler, 1992). A reason for this is 
that poultry meat is today often consumed undercooked. The production of poultry has 
increased enormously especially in developed countries, for example, almost 3 billion 
individual birds and approximately 64 billion eggs are marketed annually in the US 
(Steele, 1969). Therefore, human salmonellosis has continued to increase from this 
source in parallel to the increasing production of poultry (lmpey et aI., 1987). Due to 
this shift, the focus of this thesis will be on poultry-borne Salmonella food poisoning. 
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Fig. 9: Salmonella infections in England and Wales, laboratory reports between 1989-
1992. Compiled from CDR (1989-1993). 
Contamination of poultry carcass meat by Salmonella originates mainly in the live bird 
for the following reasons. Firstly, the newly hatched chick is particularly susceptible to 
Salmonella infection because of its initial lack of a protective intestinal microflora under 
commercial rearing conditions (Nurmi and Rantala, 1973). Secondly, there are healthy 
flocks without any signs of disease but carrying human pathogens with the possibility of 
animal to animal transmission. Thirdly, the contamination of feed by Salmonella also 
plays an important role in Salmonella food poisoning in poultry. 
Transport of animals and poultry in overcrowded conditions in dirty vehicles coupled 
with poor hygiene in the slaughterhouse, results in the spread of infection and an increase 
in the contamination of carcasses by faecal material and intestinal matter. These problems 
must be overcome if the incidence of salmonellosis is to be reduced (Halligan and Tew, 
1985). 
Pouitry kept under intensive farming are much more loaded with Salmonella than 
conventionally kept animals (Koehler, 1992). Overcrowding and resulting stress in food 
animals increases their susceptibility to contamination and therefore the rate at which 
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they excrete Salmonella. Transporting of the birds to processing plants is also stressful 
and further increases contamination rates. During the slaughtering and dressing process, 
low numbers of Salmonella may contaminate the carcass. Poultry is more of a problem 
because the small size of the chest cavity increases the chance of splitting the intestine 
during evisceration (Marry, 1989). 
Some Salmonella serotypes, such as S. pullorum and S. gallinarum, primarily cause 
disease in poultry but they can also occasionally infect man and animals (Food & 
Nutrition Board, 1975). However, other serotypes are reported to be connected with 
human Salmonellosis as well as causing illness in animals. A breakdown of 16,250 
Salmonella isolations from animals reveals that 6,775 (41 %) were from turkeys, 5,806 
(36%) from chickens, 1,841 (11%) from cattle, and 1,828 (11%) from swine in the US 
(Steele, 1969). Bisgaard (1992) reported that approximately 25% of 4,288 Danish 
broilers examined in the years 1984-1986 were Salmonella positive at slaughter. At least 
26 different serovars were demonstrated. S. typhimurium, S. indiana, S. bertra, S. 
infantis, S. binza, S. hadar and S. 4,12:d: -accounted for approximately 70% of isolates. 
Epidemiological investigations showed that contaminated feed was the main source of 
infection (Bisgaard, 1978 as quoted by Bisgaard, 1992). 
Compared to other types of food, the outbreaks of Salmonella between 1970 - 1982 in 
England and Wales totalled 506; 56% of these outbreaks originating from poultry, 24% 
from meat, 13% from milk, 1% from seafood, and 5% from other sources (Hobbs and 
Roberts, 1987). The highest number of the food poisoning outbreaks during the same 
period in England and Wales involving poultry were caused by Salmonella being 215 
compared to other food poisoning microorganisms C. perjringens, 43; S. aureus, 10 and 
B. cereus & Bacillus spp., 2. There has been an increase in general poultry-borne 
Salmonella outbreaks in Scotland since 1956 as it shown in Table 13. 
Table. 13: Poultry origin Salmonella outbreaks in Scotland between 1956-1975. 
Years 1956-60 1961-65 1966-70 1971-75 
Outbreaks 4 13 42 47 
During 1975-1984 in Scotland, 305 of 388 Salmonella outbreaks were of food borne 
origin, of which 108 were from poultry meat only, affecting of 2,558 persons of whom 
13 died (Reilly et ai., 1986). In 1980, 57 outbreaks were reported with poultry caused 
by Salmonella in this country (Sharp & Collier, 1980). 
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In Sweden, the number of Salmonella outbreaks between 1968-1972 from poultry was 
10.9% (which of 8.8% were from chicken only) (Gunnarsson et al., 1974). Later, in this 
country, the cause of the increase of domestic cases of S. enteritidis PT4 was traced to 
infected hens. During 1990-91, S. enteritidis PT4 was for the ftrst time detected in 
Sweden in poultry farms. Hens and eggs from the infected farms were destroyed and 
farming houses disinfected (Andersson et al. 1992). 
In USSR the highest morbidity from recorded Salmonella cases occurred in republics in 
which poultry farming is widely distributed (Cherkasskiy, 1992). In one particular study, 
25% of examined poultry contained Salmonella (Rozhnova et aI., 1992). Lavigne 
(1986) reported that more cases originated from poultry (21 %) than other food in 1979 
in Canada. He also pointed out that although the poultry industry has received most of 
the blame for contamination of the food chain, perhaps because this industry has been 
more closely monitored than any other throughout the years (Lavigne, 1986). 
Although no Salmonella cases were reported in Turkey (the author's country) a recent 
study of Turkish poultry meat showed it was also highly contaminated with Salmonella. 
Mutluer et al. (1992) reported the following Salmonella species isolated from poultry; 
Of 200 chicken samples, 55 were Salmonella positive, (27.5%). Eighty of the 200 
samples were whole carcasses with 25 positives (31.25%). The isolated species were S. 
enteritidis (16), S. typhimurium (14), S. agona (13), S. duisburg (4), S. haifa (2), S. 
virchow (2), S. infantis (1), S. munchen (1), S. braenderup (1) and S. kiambu (1). 
This study is an indication that there could be other countries which remain silent on the 
problem although poultry highly contaminated by Salmonella is likely to be consumed. 
2.3.2.2. Eggs as an Implicated Food in Salmonella Food Poisoning: 
Salmonellae penetrate egg shells when they are covered with faecal matter and are either 
cracked or moist. Duck eggs are most susceptible to Salmonella contamination because 
ducks' ovaries may be infected by Salmonella and ducks lay their eggs in moist 
environments (Marry, 1989). Until the late 1980s, it was assumed that any Salmonella 
infection of hens' eggs would be only on the outside of the shell. It was, therefore, 
supposed that if a hen's egg was broken hygienically, the inside would be free from these 
bacteria. Unfortunately, this is no longer a safe assumption since a strain of Salmonella 
has arisen (S. enteritidis PT4) which infects the egg-laying apparatus of the hen. This 
means some hens' eggs may be infected with Salmonella inside the shell (Stretch and 
South gate, 1991). 
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It was reported that, in Spain, eggs and egg-based foods were the cause of the majority 
of outbreaks between 1982-90 (Hernandez et aI., 1992) and a similar reports show the 
same results for Poland (Przybylska, 1992). 
Table. 14: Salrrumella etiology showing % of cases implicated by eggs in foods. 
Years 1985 1986 1987 1988 1989 
% of cases 47.7 48.4 59.1 57.4 54.2 
S. typhimurium from ducks' eggs was responsible for illness in 136 hospital staff and 
patients in England. The immediate vehicle was Queen's pudding made with 200 eggs 
(Hobbs and Roberts, 1987). There was a warning about Salrrwnella and especially S. 
enteritidis PT4 as a source of pathogens concerning poultry and eggs in the UK (Mossel 
and Van Netten, 1989). 
Humphrey et al. (1989) quoted by WHO (1989) represented a study on the survival of 
Salrrwnella in shell eggs cooked under simulated domestic conditions. Strains of S. 
enteritidis, S. typhimurium and S. senjtenberg inoculated into the yolks of shell eggs 
were found to survive forms of cooking where some of the yolk remained liquid. 
Survival was largely independent of the size of the initial inoculum. The organisms also 
grew rapidly in the eggs stored at room temperature and after 2 days the number of cells 
was over 108/gram of the yolk and with this level of contamination viable cells could be 
recovered from eggs cooked in any manner. Given a sufficiently large initial population 
many Salrrwnellae could be expected to survive forms of cooking common in domestic 
kitchens. 
2.3.2.3. Other Implicated Foods of Salmonella Food Poisoning: 
Although poultry and eggs were described above as the main foods implicated in human 
salmonellosis, there are other foods which are involved. In some countries, meat comes 
as second or, occasionally, first as the major implicated food in human salmonellosis 
depending on the main diet, which also varies over the years. Table 15 gives an 
examples of the different implicated foods involved in human Salmonellosis in England 
and Wales. 
Table. 15: The implicated food vehicles involved in Salrrwnella food poisoning between 
1981-1984 in England and Wales 
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Table. 15: The implicated food vehicles involved in Salmonella food poisoning between 
1981-1984 in England and Wales 
Vehicle of Infection 
Poultry 
Meat 
Milk 
Egg 
Other foods 
Total 
Not known 
Total outbreaks 
Source: Hobbs and Roberts (1987). 
No. of Salmonella outbreaks 
215 
127 
70 
2 
47 
461 
1,853 
2,314 
The reported literatures on implicated foods of Salmonella food poisoning show that 
foods of animal origin are the main source of human salmonellosis. Animal feed was also 
reported as playing an important role in introducing Salmonella to the human food chain. 
The section below explains the relationship of fish meal to Salmonella food poisoning. 
2.3.3. SALMONELLA IN FEEDING STUFF WITH SPECIAL REFERENCE TO 
FISH MEAL: 
Poultry as well as other farm animals are exposed to Salmonella infection from feed 
meals. As mentioned before, these infected animals could increase infection in the 
poultry flocks or farms by contaminating others. Fish meal is reported to represent one 
of the major causes of the Salmonella problem in poultry being the main protein feed 
ingredient of animal origin present in poultry feed (Lennington, 1969; Food and 
Nutrition Board, 1975; Halligan and Tew, 1985; Hobbs and Roberts, 1987). Fig. 10 
represents the route of Salmonella poisoning from fish meal-poultry-human 
Salmonellosis. 
FEED 
(contaminated fish meal) 
-¥ 
~~~ 
Newly hatched chicks 4-( ---) 
Poultry to poultry 
transmission 
Contaminated poultry 
carcasses 
1 
Adult 
Carrier poultry 
t 
May be contamination 
through carrier poultry 
environment or ovarium. 
000 
00 
Contaminated 
Eggs 
Salmonella Food Poisoning 
Fig. 10: Salmonella food poisoning of fish meal origin. 
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Hobbs and Roberts (1987) argue that Salrrwnella contamination in animal feed in the UK 
occurs either from home-produced material from waste products of the meat trade. 
which recycles Salrrwnellae back to animals. or from imported feed from other countries 
such as S. America and India. Serotypes imported in feeds soon become established in 
the farm animal population and are known to spread to the human population by means 
of meat and poultry products. 
There have been several reports on the relationship between contaminated fIsh meal or 
mixed feeds. (most probably containing fIsh meal) by SalTTUJnella, transmission to pigs 
and pig farms and so human causing salmonellosis (Lee et al .• 1972). 
The salrrwnellae isolated from 2-14% of 5.637 pigs in the UK were similar in serotype to 
those found in feed meals and responsible for salmonellosis in the human population. 
Lee et al. (1972) reported one pig farm which was contaminated with Salrrwnellae. In 
this case, there was a high SalTTUJnella isolation rate in the pigs at slaughter when the 
contaminated fIsh meal was fed in liquid feed. but it was signifIcantly lower when no fIsh 
meal was fed to the pigs. Further studies in this case confIrmed that the same serotypes 
were found in the fIsh meal and the pig excreta on the farm and in caecal contents of the 
pigs at slaughter. However. no serotype was repeatedly isolated from any other source 
and it appeared that the serotypes were not able to establish themselves in the pigs. 
Therefore. it is concluded that infection found at slaughter originated on the farm where 
fIsh meal was introduced and maintained infection. There is evidence that the pig acts as 
a biological ftIter and different serotypes have different infective properties for the pig. 
From the same contaminated food. pigs become infected with S. orion whilst poultry 
became infected with S. injantis. 
Lee et al. (1972) reported that. in their study. 15 out of 18 samples in fIsh meal were 
Salrrwnellae positive. Of these 13 of 13 samples of imported and I of 60 samples of 
British fIsh meal were positive for Salrrwnella. in addition in 24 of 108 samples of British 
fIsh meal when in liquid mash fed to all pigs. 
These reports left scientists to urge (recommend) similar studies on the close relationship 
between fIsh meal. poultry and human salmonellosis. For example. Sechter (1992) 
reported that S. java was not isolated in Israel during 1983-1986. However. after 1986 
when this serotype was imported to this country with repeatedly contaminated fIsh meal. 
along with turkeys for breeding. the organism was increasingly isolated from the human 
population. A sinnilar trend was observed with S. wirchow (Sechter. 1992). From the 
number of monthly human isolates and the data on the innportation of contaminated 
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animals and animal feeds, it seems clear that the importation of contaminated animal 
feeds is reflected in human salmonellosis only 9 to 18 months later. It was also reported 
that the importation of feeds contaminated with Salmonella also leads to dissemination in 
wild-life and to an ecological life-cycle in the country. 
Similar studies were carried out in other countries, such as in Germany by Schliiter et al. 
in 1992. They examined 3,585 samples from a large farm and 585 samples from a pullet 
farm including feed, dead animals, eggs, excrement and environmental material. 
Altogether 41 serotypes were found, with 11 % out of 876 feed samples and 10.7% egg 
samples positive. 
Steeie (1969) reported that the percentage of animal feed which is contaminated with 
Salmonellae was large. Fish meal contamination was reported by this author as 4-7% of 
batches positive for Salmonella (The true figure perhaps is higher because of the 
difficulty of detecting Salmonella in the complete product). S. hadar was introduced to 
Britain poultry industry by imported feed in 1969. It became established in turkey 
breeding flocks in 1973 and rapidly became a close second to S. typhimurium as a cause 
of food poisoning in humans. Its incidence in chickens also rose subsequently (Bell, 
1980). 
Zivkovic et al. (1989) reported that the presence of Salmonella spp. in feed-stuff for 
poultry was the most significant source of contamination in fonner Yugoslavia. 
Salmonella agona was isolated from imported fish meal in Lebanon (Earlier reports 
showed that this serotype originated from Peruvian fish meal), (Roumani et aI., 1981). 
Karlsson and Thal (1974) reported that Salmonellae were also frequently isolated from 
imported fish meal in Sweden. The serotypes mainly isolated were S. montevideo, S. 
senftenberg, S. angola and S. tennessee. Table 16 shows Salmonella isolated during 
1968-1972 in connection with import-control of feed-stuff of fish meal origin in Sweden. 
Salmonella isolations and the number of different serotypes isolated were highest in 
imported Peruvian fish meal. Although the number shipments of English fish meal tested 
was less, but there were no Salmonella isolations in English fish meal or Norwegian. 
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Table. 16: Salmonella isolated in imported fIsh meal during 1968-1972 in Sweden in 
connection with bacteriological import-control of feedstuffs of animal origin. 
Country of No. of No. of No. of No. of Salmonella 
ongm shipments samples shipments samples type. 
examined examined containing containing 
Salmonella Salmonella 
Peru 520 25936 111 283 1* 
Germany 50 2970 4 5 2* 
Norway 143 1646 0 0 -
Denmark 46 580 1 1 3* 
England 19 500 0 0 -
Total 778 31632 116 289 -
Source: ModifIed from Gunnarsson et at. (1974). 
1 *. S. derby (44), S. agona (43), S. oranienburg (32), S. newington (27), S. tenessee 
(25), S. bredeney (21), S. havana (15), S. strourbridge (12), S. poona (8), S. montevidea 
(7), S. kaapstad (6), S. infantis (5), S. muenchen (3), S. typhimurium (3), S. kottbus (3), 
S. newport (3), S. lille (2), S. worthington (23), S. kuru (2), S. subana (2), S. menston 
(1), S. wangdta (1), S. anatum (1), S. rissen (1), S. riggil (1), S. hato (I), S. stanleyville 
(1). 
2*. S. tennessee (1), S. newington (1), S. newport (1), S. montevideo (I), S. typhimurium 
(1), 
3*. S. kentucky (1). 
The numbers in the parentheses represent the frequency of isolation. 
2.3.4. CONTROL OF POULTRY-BORNE SALMONELLOSIS WHICH COULD 
BE APPLIED TO OTHER FOOD ANIMALS: 
Hinton (1992) pointed out that the ecology of Salmonella infections in poultry is 
complex and it will be necessary to introduce control measures at several points in the 
chain of production if Salmonella food poisoning associated with poultry meat is to be 
reduced. He also suggested that it is essential to reduce the prevalence of Salmonella 
infections in live poultry if the incidence of food poisoning is to be reduced. However, 
control should include the feed, and continue with producer-process or-retailer and 
consumer chain. Therefore a number of strategies that can be adopted to achieve these 
objectives. They include; 
1) the production of Salmonella free chicks (clean hatching eggs), 
2) maintenance of a clean hatchery environment, 
3) control measures in the feed and rendering industries (the 
treatment of the feed with heat and in special circumstances, 
irradiation) 
4) competitive exclusion (CE), (the Nunni concept), 
5) clean-up and disinfection of grower bams, 
6) clean transportation crates, 
7) clean poultry processing industry (including use of chlorine dioxide 
in chilling water and/or, possibly, irradiation of processed poultry 
products), 
8) education of homemaker and the food service industry, 
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Hinton (1992) also advised using feed additives including short organic acids and 
antibiotics, and vaccination to prevent Salmonella contamination in live poultry. 
However, although using antibiotics such as gentamycin, cephaloridine, colistin sulphate, 
sulphafurazole, kanamycin and neomycin reduced Salmonella contamination, 
unfortunately, several Salmonella species are already gaining resistance to many 
antibiotics. Examples are carbenicillin, sulfamethoxazole, trimethoprim, streptomycin 
and c1oxacitin. Gledel and Corbion (1980) also agreed that among increasing resistance 
of Salmonella strains against antibiotics, gentamycine and collistine remain fully active. 
Unfortunately, more use of antibiotics leads to more bacteria becoming resistant to them. 
So that it has became necessary to regularise the sale of antibiotics by legislation to 
minimize indiscriminate use of drugs. Some countries already ban their use since 
antibiotics are also required to treat patients from salmonellosis. For example, in 1986 
the Swedish government banned the use of antibiotics as a feed additive as a general 
practise, and allowed their use only after veterinary investigation for the treatment of sick 
animals (Ekesbo, 1989). In the UK, the widespread use of antibiotics in animal feeds, 
was held responsible for the rapid increase in antibiotic-resistant strains of S. 
typhimurium. The agricultural use of antibiotics is now controlled by regulations made 
under the Medicine Act 1968. 
Meyer and Methner (1992) suggest that vaccination could reduce Salmonella in poultry, 
since it was effective in doing so with Salmonella in pigs, unfortunately, there do not 
appear to be sufficient similar reports on the same approach in poultry. 
The production of Salmonella free chicks is a difficult task and requires the application 
of a range of control measures. Steele (1969) pointed out that control of Salmonella 
disease in man and animals calls for production of specific pathogen-free feeds (along 
with clean water supplies, proper disposal and treatment of sewage, elimination of ghetto 
and slum housing, and reduction of feral rodents, cats, dogs and birds). Many other 
investigators also support Steele (1969) on pathogen free feeding (Food And Nutrition 
Board, 1975; Halligan and Tew, 1985; and Mantovani, 1992) 
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Control of Salmonella infection in chicks by "competitive exclusion" (CE) was first 
achieved in Finland (Nunni and Rantala, 1973) by oral administration of a suspension or 
anaerobic culture of gut content (undefined gut microflora) from healthy, Salmonella-
free, adult birds (reviewed by Mead and Barrow, 1990; and Nunni et al. 1992). 
Undefmed gut microflora is now commercially available under the name of BROILACT 
® and is successfully being used to prevent Salmonella colonization in broiler chicks 
(Bolder et al., 1992; Cameron and Carter, 1992; Nuotio et al., 1992; Salvat et al., 1992 
and Schneitz et al., 1992). Recently, defmed mixtures of adult chicken gut bacteria have 
been used for the same purposes, however this approach is still under development and 
there is no report on successful results yet (Stavric, 1992). The protective effect of CE 
depends upon the introduction of viable bacteria and is essentially prophylactic and when 
used prior to Salmonella challenge, the treatment is effective in the laboratory against a 
challenge of 106 salmonella/chick. This protection has been demonstrated against at 
least 10 Salmonella serotypes. Although treatment is only partially effective against the 
host-specific S. gallinarum, which causes systemic infection and mortality in chicks, 
unlike other Salmonellae this serotype does not persistently colonize the caecae (Mead 
and Barrow, 1990; and Schneitz et aI., 1992). 
Only recently some field trials have been carried out on the scale necessary to determine 
the efficacy of CE treatment and in all cases the material used was undefined. In 
Sweden, during the period 1981-1990 trials involving 3.82 million chickens showed that 
treatment resulted in only 11179 treated flocks being infected with Salmonella (Wierup et 
aI., 1992). Most of the birds were reared in units where previous flocks were known to 
have Salmonella infection. Trials in the Netherlands (Goren et al., 1988), involving 8 
million broiler chicks, were less successful than those carried out in Sweden; 
nevertheless, CE treatment significantly reduced both the proportion of infected flocks 
and the number of Salmonella-positive birds within the flocks that became infected. 
Nurmi et al. (1989) reported two field experiments on CE treatment in two infected 
grower poultry batches. One was SO% infected and after CE treatment the infection rate 
was brought down to 10%. Later, another company has used this method with similar 
effectiveness on their broiler flocks. Him et al. (1992) have reviewed IS years experience 
with competitive exclusion and Salmonellas in Finland. They reported that the majority 
of growers (over 70%) use this treatment routinely and the number of Salmonella-
positive flocks is less than S% and the incidence of Salmonella-contaminated broiler 
carcasses is very low, generally less than S%. Although between 70 and 80% of human 
Salmonella infections are contracted abroad, the Nordic countries are generally not 
implicated. It is estimated that only IS-20% of some 1,200 cases of domestic origin are 
caused by contaminated pOUltry. 
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CE treatment has also been used for adult breeder birds, following antibiotic therapy, to 
prevent re-infection by Salmonella. In the UK, the combined treatment was apparently 
successful in 20122 trials involving 250,000 chickens, turkeys and ducks (Mead et aI., 
1989). Another UK study with Iohnson (1992) also showed that using antibiotics (such 
as chlortetracycline, 400 ppm in feed and furazolidone, 400 ppm in feed) 12 days before 
treating birds with CE, gave effective results. However, as mentioned before using 
antibiotics has disadvantages in causing bacterial resistance. Fowler (1992) has reviewed 
the use of antimicrobials in conjunction with competitive exclusion treaUnent Studies on 
protection of chicks by 'CE' against an environmental challenge with S. enteritidis with 
acid treated feed or otherwise, showed successful results. CE treatment reduced 
Salmonella-positive caecal samples from 82 to 8% (Hinton et al., 1991). 
A successful report was made by Edel (1992) on treatment of S. enteritidis in infected 
flocks with enrofloaxin (baytril) in combination with CE intestinal flora of normal adult 
chicken. He reported that this seems to be very effective in eradication of S. enteritidis 
in the Netherlands. 
The results of field trials in different countries suggest~ that CE treatment already has a 
part to play in controlling Salmonella infection in commercial poultry flocks. However, 
it remains to be seen whether consistent protection can be obtained in the field and what 
other control measures might be needed at different stages in the production chain to 
ensure a useful reduction in the contamination of poultry products with Salmonella 
(Mead and Barrow, 1990). 
Complete elimination of Salmonella from domestic animals is not feasible at this time, 
but the development of infection free breeding stock, elimination of contaminants from 
feed, improved husbandry practices, better shipping practices, improved conditions for 
holding animals before slaughter and more careful slaughtering practises can reduce the 
hazard (Food And Nutrition Board, 1975). 
Salmonellae are heat sensitive and ordinary pasteunzmg or cooking conditions are 
generally sufficient to kill them in high moisture foods. Unfortunately, the heat 
resistance of Salmonella is markedly increased as aw decreases. This shows that 
Salmonella could be recovered from poultry feed since the moisture content is very low 
(e.g. between 4-8% for fish meal; the author's experience). 
Noumann (1986) suggested using sodium chloride and phosphate treatments on the 
microbial load of dressed broilers by dipping in a mixed solution of both salts showed 
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effective results in reducing microbial load. Scalding at higher pH values was found to 
cause a substantial reduction in the level of microbial contamination of the chicken 
carcasses before and after plucking. Maintenance of chicken scald tank water at pH 9.0± 
0.2 or the addition of 0.1-0.2% acetic acid has been shown to significantly increase the 
death rates of Salmonellae in the water (Humphrey and Lanning, 1987). 
A cost-benefit analysis research study on the abovc possible control measures in Canada 
(See Table 17) shows that using irradiation of poultry and clean pOUltry crates could be 
100% effective and cost efficient (calculated in 1985 dollars). Control measures on clean 
feed and rendered products, clean poultry processing and using the Nurmi concept were 
also very effective and with varying efficiency on the cost-benefit (calculated in 1985 
dollars). However, this efficiency was lower when the figures were calculated in 1982 
dollars (Todd, 1989). 
Although irradiation was 100% effective in controlling Salmonella at certain control 
stages in the poultry industry, consumers still hesitate to use irradiated foods and food 
products or foods from industries where irradiation is used. Therefore, food producers 
are reluctant to use irradiation in poultry and other animal origin food industries. 
Persson and Jendteg (1992) summarized (Table 18) the total expected costs per chicken 
for CE application using 1990 chicken production figures (600 million chickens in 
England and Wales and 42 million chickens in Sweden). A cost of 10.8 pence per 
chicken (for application of CE) in Sweden, is more than five times the cost per bird in 
England and Wales (2.0 pence) because of high chicken production in England and 
Wales. They reported that total costs of poultry-borne salmonellosis in England and 
Wales was £27.7 million, and the major part (56%) is attributed to illness. In Sweden, 
however, the total costs, £4.8 million, consist mainly (96%) of prevention and control 
costs. They demonstrated that using the concept of CE the rate of Salmonella-
contaminated chickens, and hence the cost of illness, could be considerably reduced. 
Assuming an initial 48 % contamination rate among chickens in England and Wales 
(Roberts, 1991), an 80% efficacy rate for CE will reduce the contamination rate to 10%. 
Assuming that the cost of illness is proportional to the rate of contaminated birds, the 
cost of illness in these countries will thus decrease to 0.5 pence per bird. They also 
claimed that if the cost of control remains unchanged in these countries, then the use of 
CE means that a drastic reduction of poultry-borne salmonellosis and associated costs 
could be achieved without increasing the total costs. The difference between the initial 
and new total cost-£12.6 million or 2.1 pence per bird could be attributed to CE 
(Persson and Jendteg, 1992). 
Table. 17: Cost-benefit comparison of Salmol/ella control measures involving tile poultry industry and the public in Canada. 
~. 
I 
1982 dollars 1985 dollars 
Control measure Effectiveness' Cost 2 Benefit2 Efficiency Cost 3 Benefit4 Efficiency OUler benefits 
. ($ million) ($ million) (Benefit-cost $ ($ million) ($ million) (Benefit-cost $ 
million) million) 
Clean hatching 40% 2.93 0.57 -2.36 3.36 4.78 +1.42 I reduction of other poultry 
eggs and clean diseases 
hatileries 
Clean feed 80% 4.60 2.87 -1.73 5.28 23.90 + 18.62 
Clean redered 80% 0.96 1.44 0.48 1.10 11.96 +10.86 
products 
Clean barns 40% 5.66 3.72 -1.94 6.50 31.07 +24.57 reduction of otiler poultry 
diseases 
Competitive 75% 19.26 10.76 -8.50 22.11 90.43 +68.32 reduction of oUler 
exclusion (Nurmi paUlOgens 
concept) 
Clean poul try 100% 0.63 5.25 4.62 0.72 52.89 +52.17 reduction of other bacteria 
crates 
Use of clorine 50% 1.02 10.50 0.48 1.17 105.78 +104.61 reduction of oUlCr 
dioxide paUlOgens, incrcased shelf 
life of carcasses 
Irradiation of 100% 13.86 21.00 7.14 15.91 211.55 +195.64 reduction of oUler 
poultry paUlOgens, increased shelf 
lifc of carcasses 
Clean poultry 80% 0.45 3.36 2.91 0.52 33.85 +33.33 rcduction of other bactcria 
prosessing 
Education of 5% 0.35 4.20 3.85 0.40 42.31 +41.91 rcduction of oUlcr 
homemaker fomlbomc illncsses 
Education of 16% 1.38 13.44 12.06 1.58 135.39 +133.81 reduction of oUlcr 
foodservice foodbomc illnesses 
Total - 51.10 77.11 26.01 58.65 743.91 685.26 
1. Presumed effectiveness of control measure to reduce Salmollella at tbat particular stage ID tbe poultry processlllg. 
2. Costs and benefits calculated for one year by Curtin, (1986). 
3. Costs updated to 1985 dollars based on Consumer prices index. 
4. Benefits in 1985 dollars reflecting UIC cost of salmoncllosis delcnnined in 1985 by Todd (1989). 
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Inevitably, using costly control measures would also ask (cause) the consumer to pay 
higher prices for the product (Hinton, 1992). It seems that using a CE concept 
Salmonella contamination from feed and in the farm environment could be prevented 
successfully, however, this control measure only reduces, but does not completely inhibit 
the contamination when field trials were carried out 
Table. 18. The expected total costs per produced bird in Sweden; England and Wales, 
and the impact of Competitive Exclusion (CE) on the salmonellosis costs in England and 
Wales. 
Expected total costs per The value of CE in England & Wales, 
bird, 1990 prices, GB 1990 prices, GB, pence. 
pence. 
Type of cost Sweden England & Production loss due Value of 
Wales to premature reducing risk of 
mortality death 
costs of illness 2.6 0.5 0.5 1.2 
costs of 2.0 10.8 2.0 (+2.1 CE) 2.0 (+4.9 CE) 
control 
total costs 4.6 11.3 4.6 8.1 
Source: Persson and Jendteg (1992). 
It may be costly to undeveloped countries or to developed countries where the level of 
pOUltry production is low to have variable combined control measures as in the Swedish 
case compared to cost effectiveness in England and Wales. Therefore, controlling 
contamination of poultry feed is an important step in the controlling of Salmonella in 
domestic animals,as shown in the above example in contaminated pig feed and the human 
salmonellosis. 
Meat products, in some countries are the first major vehicles, but mainly second major 
food vehicle after poultry in human Salmonella outbreaks (Hobbs and Roberts, 1987; 
Bryan, 1992; and Pryzybyska, 1992). 
Similar control measures could be applied to prevent Salmonella ongmating from 
products of domestic animals other than poultry. Analysis of fish meal for Salmonellae 
is therefore a important task for many countries whether they use it in feeding pOUltry 
and other domestic animals, or are exporting it to other countries. Several countries 
have already have either voluntary or compulsory regulations on Salmonella in feeds 
which strictly applies to fish meal. 
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Gunnarsson et al. (1974) reported that in Sweden under the supervision of the National 
Board of Agriculture, as in many other countries, each shipment of imported feed 
undergoes bacteriological examination before entry. Consignments found to be 
contaminated with Salmonella are not accepted. 
In Britain, under the Zoonoses Order (1975), the notification of Salmonella excreters in 
farm animals is required. In Denmark, dehydrated protein feed-stuff of animal origin is 
required to be Salmonella free and there is a legislation for efficient heat treatment. The 
Danes have a pathogen-free programme for poultry which relates not only to feedstuff 
but to all stages in breeding. The success of this system was shown by the freedom from 
Salmonellae, except for an occasional batch with S. typhimurium, of pOUltry carcasses 
and pieces of chicken imported from Denmark and examined in the UK (Schefferle, 
1987). 
Similar legislation exists in the UK. with "The Diseases of Animals (protein Processing) 
Order 1981 (SI 1981 No. 676)" (Anonymous, 1989). Its purpose is to ensure that any 
protein material of mammal, bird or fish origin, which is to be used or incorporated into a 
feeding stuff intended for consumption by livestock or poultry, is processed in such a 
way that Salmonellae are destroyed and the product meets a prescribed bacteriological 
standard for these organisms. Samples of processed protein material may be taken by a 
veterinary inspector and the order gives the procedure to be used for detection of 
Salmonellae in the material. No Salmonellae must be detected in a sample of 25 g. If 
contaminated material is found a notice may be served requiring that all material on the 
premises conforms to the required specifications. Subsequent failure to be meet the 
standard would be considered an offence under the Animal Health Act 1981. "The 
importation of processed Animal Protein Order 1981" as amended 1982 (SI 1981 
No.677; 1982 No. 459) prohibits the importation of similar processed protein products 
except under the authority of a licence. This enables consignments to be sampled and 
tested to the same bacteriological standard as that required for the home-produced 
material (Schefferle, 1987). 
This order slightly changed under the new order of "The Processed Animal Protein Order 
1989 (SI 1989 No. 661)" continues to enable authorised officers to take for testing at a 
laboratory samples of processed animal protein from premises where it is produced. The 
order makes the following changes of substance by-
1. requiring the registration of animal protein processors; 
2. imposing a duty on the registered person to ensure that samples of processed animal 
protein are taken and submitted to a laboratory for testing for Salmonella; 
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3. imposing a duty on the registered person to ensure (where he knows that a test on a 
sample has proved positive) that for a period of one month no processed animal protein 
produced on the premises in respect of which his name is entered in the Register is 
(without further treatment and testing) removed from premises occupied by him or under 
his control and is not incorporated in a feeding stuff for livestock or poultry, unless the 
processed animal protein to be removed is taken from a separate storage facility or under 
the authority of a licence; 
4. prohibiting any tampering with samples and 
5. requiring registered persons to keep records of the results of tests samples and give 
information to enable the tracing of contaminated feeding stuffs. 
Unfortunately, the traditional method for Salmonella testing is time consuming. 
Therefore, development of a rapid, reliable, cheap method, easily used without much 
technical expertise and equipment is important. In fact, nearly every six months, a new 
method is developed claiming to be a good alternative to the traditional technique, often 
leading to consumer confusion. The next section summarizes the main methods used for 
Salmonella analysis, comparing their advantages and disadvantages. 
2.3.5. ANALYTICAL METHODS USED FOR SALMONElLA ANALYSIS: 
2.3.5.1. Traditional Culture Methods: 
An early review of traditional Sall1umella isolation was reported by Harvey and Price 
(1979), later revised by Andrews (1985) and updated by Vamam and Evans (1991), 
Conventional methods for Salmonella analysis in foods are recommended by either 
International Standard Organisation (ISO), Bacteriological Association Manual (BAM) 
or Analytical Official Chemistry Association (AOCA). 
The standard cultural methods for isolation of Salmonella in foods are labour intensive 
and generally require 4 to 5 days for presumptive identification of Salmonellae. 
Essentially, 5 basic steps are common to most cultural methods for detecting, isolation 
and identification of Salmonella in foods: (I) a food sample is pre-enriched overnight in 
a non-selective broth medium, (2) subsequent enrichment in one or more selective liquid 
media, (3) plating on differential agar media, (4) presumptive Salmonella colonies are 
screened biochemically by conventional tube media, and (5) serological confirmation. 
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Pre-enrichment (Resuscitation): Its primary function is to rehydrate cells that have been 
dehydrated during processing of foods. Secondly, it repairs damaged cells, and once 
these cells have been restored to a stable physiological condition, the pre-enrichment 
medium may serve as a source of nutrients for the proliferation of rejuvenated cells. It is 
usually carried out at 37°C overnight or 18 hr incubation at 43°C is used occasionally. 
Studies omitting the pre-enrichment step and using direct enrichment suggest that it may 
affect the method sensitivity and shortening the pre-enrichment step to 6 hr was not 
sufficient for complete resuscitation of injured cells (D'Aoust, 1981). A large number of 
media have been proposed for the resuscitation of Salmonellae, although it seems 
unlikely that there are major differences in performance. Lactose broth (LB), Buffered 
Peptone Water (BPW) are commonly used. Addition of low levels of dyes such as 
brilliant green or crystal violet to recover Salmonella from samples in the presence of 
large numbers of Gram positive bacteria is recommended. Also the addition of 0.01 % of 
malachite green to BPW for recovery of Salmonella from samples which are heavily 
contaminated by non-Enterobacteriaceae is reported (Varnam and Evans, 1991). 
Selectiye enrichment: It allows Salmonella cells to proliferate while restricting 
multiplication of competitive species of bacteria. Several selective enrichment media are 
recommended by various organisations and these are represented in Table 19. Selenite-
cystine broth is no longer recommended for safety reasons. The studies of Van 
Schothorst and Renaud (1983) and Vassiliadis (1983) show that the modified Rappaport 
broth of Vassiliadis et al. (1981) was superior to other enrichment broths. Muller 
Kauffman tetrathionate broth (MKTB) is known for its ability to inhibit competitive 
bacterial flora, but also shows some toxic effect to Salmonella cells (D'Aoust, 1981; and 
Rappold et al.. 1984). 
Selective enrichment is usually carried out at either 35°,37° or 41 °C for 24 hr depending 
on the type of selective enrichment used. It is accepted that general efficiency of 
enrichment for Salmonella increases at higher temperatures (Vamam and Evans, 1991). 
More information on this can be obtained from Doyle (1991a). 
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Table. 19: Examples of commonly used media for the selective enrichment of 
Salrrwneliae. 
Medium 
Tetrathionate 
broth (Muller-
Kauffman) 
Selenite F broth 
Selenite-cystine 
broth 
Brilliant green-
MacConkey broth 
RV broth 
Inhibitory Agents 
Tetrathionate, 
brilliant green, ox-
bile 
Selenite 
Selenite 
Brilliant green, bile 
salts 
Malachite green, 
MgCI, 'Iow' pH 
value. 
Modified from Varnam and Evans (1991). 
Applications and limitations 
Not suitable for host-adapted serovars 
Suitable for most serovars including S. 
typhi, S. dublin and S. choleraesius 
Cystine enhances Salmonella growth. 
Widely used for foods 
Very effective with S. choleraesius but 
not widely used 
Medium of choice for foods. May fail to 
recover S. typhi and S. dubIin or over 
selective for other serovars 
Differentiation of Salmnnella using selective plating media: As with enrichment broths, 
most of the selective plating media used today are the modifications of earlier media. 
Selective agents used are similar with bile salts or sodium deoxycholate, and brilliant 
green being used widely. Selective plating media used for Salmonelia permit 
differentiation of the organism from non-salmonellas. It is usually based on the inability 
of most salmonellas to ferment lactose and, in some cases sucrose and salicin. Bile-
containing media often employ a second diagnostic system based on the ability of 
Salrrwnelia to produce H2S, Commonly used selective plating media for Salrrwnelia are 
summarised in Table 20. Selectivity of the media varies considerably, but none are fully 
selective. Non-lactose fermenting members of Enterobacteriaceae, such as Proteus spp. 
can be problem, or problems can be caused by non-Enterobacteriaceae such as 
Pseudorrwnas and Aerorrwnas spp. (Vamam and Evans, 1991). Further detailed 
information about the limitations and applications of each media can be obtained from 
manufacturer's manuals such as Oxoid (1990-1993). 
Biochemical Tests: There are two ways of approaching the identification of 
Salrrwneliae. Firstly, presumptive positive cultures are subjected to several biochemical 
tests and then serologically confirmed. The second way is, after serological confirmation 
of purified presumptively positive cultures to carry out biochemical tests for 
identification. 
Tahle.20: Examples of commonly used media for the selectivc plating ofSalmonellae (Modified from Varnam and Evans, 1991). 
Media Inhibitors Dia~nostic system Applications and limitations Colony type for Salmonella 
Brilliant Brilliant green Fermentation of lacrose and Widely used in food industry, Not suitable Red-pink-whitc.opaque 
Green Agar sucrose for S. typlli and S. arizona. Proteus, coloured colonies. 
Pseudomonas and CitrobaCler may grow 
as small red colonies. 
Brilliant Bri11iant green, Fermentation of lactose and Effective where Proteus and Pseudomonas Red colonies surrounded by 
green- Na sulpha- sucrose are present in large numhers. Restricts bright red colour media 
sulphaman- cetamide, Na growth of some Salmonel/ae 
delate agar mandelate 
Desoxychol at Desoxycholate Lactose fermentation, H2S Relatively low selectivity Pale, translucent or colourless 
e citrate agar production colonies 
DCLS agar Deoxycholate Lactose and sucrose fermentation, Improved differentiotion of Proteus Pale, translucent or colourless 
H2S production colonies, no colour change in 
the media 
Salmonella- BriJliant green, Lactose fermantation H2S Effective with many foods. It will not Transparent colonies with a 
Shigella agar hile salts production detect some strains of Salmonella (S. black centre. 
[ondon). Colonies with lactose-ve E.coli 
are similar to those of H2S-ve Salmonella. 
Xylose- Desoxycholate Lactose, xylose and sucrose Relatively low selectivity. False positive Red colonies with black 
lysine- fermentation. Decarboxylation of colonies may occur with some Proteus centre, but non-H2S 
deoxyholate lysine. H2S production (red) and Edwardsiella spp. (red-black Salmonella will give red 
agar centered). colonies only. 
Hectoen Bile salts Lactose,salicin and sucrose Good differentiation, relatively low Black colonies 
enteric agar fermentation, H1S production, selectivity. Pro/ells can be problem. 
Bismuth Bismuth Reduction of sulphide in the Recommended for S. typlJi, effective with Uniformly black colonies 
sulphite agar sulphite, Na presence of fermentahle lactose+ve salmonellas. S. sendai, S. occur after 48 h, often with a 
sulphite, carhohydrate cllOlera-suis, S. berta, S. gallinamm and widespread staining of the 
bri11iant green S. aborflls-equi are markedly inhibited. medium and methalic sheen. 
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Several biochemical tests are used for Salmonella identification, such as lysine 
decarboxylation, H2S production, glucose utilisation and indole fonnation, and urea 
hydrolysis l:l£. Lysine-Iron Agar (LIA) is used to observe decarboxylation of lysine and 
the production of H2S. However, it will not differentiate Klebsiella. Salmonella will 
produce H2S with Kligler Iron Agar (KIA), but other reactions are masked and 
differentiation from Proteus spp. and some other bacteria would not be possible. 
Subculturing into a set of identification media and awaiting results delays identification. 
Kit and automated systems are generally used. For example, the Api 20E test combines 
many biochemical tests in small capsules containing dehydrated media which are 
rehydrated by a suspension of the test organism in distilled water. It gives a full 
identification within a given family or group of bacteria. Api Z test provides 
confirmation of identity of a limited number of bacteria (Varnam and Evans, 1991). 
Serological confinnation: Several types of somatic and flagellar antisera such as slide 
agglutination antisera are used to confmn Salmonella presence, positive or negative. 
Polyvalent 0 (somatic) and H (flagellar) antisera are commonly used. 
2.3.5.2. Rapid Cultural Methods: 
A review of rapid culture methods was carried out by Andrews (1985). The major 
culture method up to date are given below. 
I. SEMI-AUTOMATED HYDROPHOBIC GRID MEMBRANE FILTER METHOD 
CHGMF): 
Entis et at. (1982) produced a semi-automated HGMF method for Salmonella analysis 
which was approved by AOAC and the sensitivity of the method was equal to that of 
conventional culture techniques. The only advantage of this method is that it offers a 
shortening of selective enrichment step from 18 hr to 6 hr. Therefore, although it has 
been reported as rapid method. it is slower than other rapid methods. A review of the 
HGMF method can be obtained from Entis (1986). 
2. MODIFIED SEMISOLID RAPPAPORT V ASSILIADIS MEDIUM METHOD 
(MSRY): 
This method was first introduced by De Smedt et al. (1986a & b) and became very 
popular being cheap and easy to perform. The principle is based on the motility of 
Salmonellae migrating on a modified semi-solid Rappaport Vassiliadis medium. A 
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serologically confirmed Salmonella detection can be performed within 48 h after the 
beginning of pre-enrichment (De Smedt and Bolderdijk, 1987). Firstly, the sample is pre-
enriched (20 hr), before enriching into Tetrathionate Brilliant Green Broth (TBGB) for 8 
hr, then transferred into MS RV media and migration is observed after 16 hr. 
Beumer et al. (1992) found low sensitivity (84.2%) for the MSRV method compared 
with other methods and claimed that this was due to the difficulty of examining the 
plates. The specificity of this method for Salmonella was higher at 97.3%. De Zutter 
and Van Hoof (1992) showed that this method lost its' main advantage over the 
traditional method because some strains of Salmonellae do not migrate on the motility 
enrichment medium, particularly for strains of S. virchow. Other strains reported were S. 
infantis, S. enteritidis, S. blockley and S. montevideo. 
3. oxOID'S SALMONELLA RAPID TEST (OSRT); 
Holbrook et al. (l989a) have described the Oxoid Salmonella Rapid Test that utilises 
Selective Motility Enrichment Techniques (SMET) and is used for the presumptive 
detection of motile Salmonellae in food and factory environment samples. This method 
is based on pre-enrichment of a homogenised sample in a suitable broth (as used in 
traditional techniques) followed by inoculation of a culture vessel containing a 
Salmonella elective medium and two tubes (Tube A and Tube B). Each tube contains a 
selective medium and an upper indicator medium where their presence is indicated by a 
colour change. Any degree of black colouration in Tube A and any degree of red black 
colouration with Tube B indicates a possible Salmonella positive result. Absence of 
black coloration in Tube A and absence of red or black colouration in Tube B shows 
negative results. After observation of the colour change, the positive tubes are tested 
using Oxoid's Salmonella Latex Test and must be confirmed, using traditional cultural 
methods (by subculturing selective enrichment from the indicator layer in the tube giving 
a positive latex test result) and serological techniques, . 
This method is claimed to be highly specific and sensitive with an efficiency of 96.8% 
when tested against traditional methods using more than 800 food samples. Other 
benefits claimed are that" the test kits are stable at room temperature, can be prepared for 
use in 5 mins and can detect Salmonella in foods in less than 2 days (42 hr) based on 
migration of Salmonella from an elective broth into tubes containing semi-solid selective 
and diagnostic media. Holbrook et al. (1989b) compared this technique with 3 other 
rapid methods [TECRA ELISA, (See Section 2.3.5.5.1.) EQUATE ELISA (a type of 
immunoassay kit) and BioControl 1-2 test (See Section. 2.3.5.3.1.)] and two 
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conventional methods. The true results were calculated according to positive and 
negative results obtained from cultural techniques used to analyse 96 samples. Their 
experiment showed that the true results for OXOID SRT were higher compared to the 
others methods. 
The disadvantage of this method is non-detection of non motile Salmonellae. Holbrook 
et at. (1989a) report that there are 19 non-motile strains of 20,532 Salmonella isolated 
from humans in England and Wales in 1987. Although the percentage of non-motile 
strains of serovars commonly involved in food poisoning is small, such strains may be 
more common in specific circumstances. It seems that although Oxoid's Salmonella 
Rapid Method can detect negative Salmonellae in 2 days eliminating selective 
enrichment steps in traditional methods, it still requires confirmation of positive results 
by traditional techniques. 
2.3.5.3. Rapid Detection of Salmonella by Conductance Techniques: 
The principal of measurement of the bacterial growth by conductance measurement was 
described by Richards et at. (1978). A widely accepted and proven protocol for the 
detection of Salmonellae by a conductance technique was reported by Easter and Gibson 
(1985). Their procedure requires pre-enrichment of samples in trimethylamine-N-oxide 
(TMAO) for 6-18 hr, followed by culture in a selective conductance medium which 
contains cystine, TMAO and dulcitol. However, this method had two disadvantages, 
fustly, the culture will not detect dulcitol negative Salmonellae and secondly the 
protocol generated a number of false positive results. Later, Gibson (1987) and Ogden 
and Cann (1987) overcame the problem of dulcitol negative Salmonellae by replacing 
with mannitol in both pre-enrichment and conductance media. However, this 
modification resulted in a higher rate of false positives because many Enterobacteriaceae 
can utilise mannitol, mainly Citrobacter spp., (Ogden, 1988). To overcome this problem 
Ogden (1988) developed a lysine conductance medium using the lysine decarboxylase 
character of Salmonellae. The pre-enrichment was carried out in buffered peptone water 
supplemented with lysine and glucose. The only false positive in this medium resulted 
from Hafnia alvei although this organism gave no response in the TMAO medium of 
Easter and Gibson (1985). Ogden's medium had the additional advantage that it can 
detect dulcitol negative Salmonellae. The lysine medium was further modified by Ogden 
(1990) and Smith et at. (1990) who enhanced conductance changes and improved the 
recovery of Salmonellae. Using the above two approaches, Malthus Instruments (The 
Manor, Manor Royal, Crowley, West Sussex RHlO 2PY, England) have developed a 
two-tube conductance test for the detection of Salmonella. The test comprises a pre-
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enrichment in buffered peptone water with added glucose and lysine before inoculating 
two conductance media which are based on the TMAO/dulcitol medium of Easter and 
Gibson (1985) and the lysine/glucose medium of Ogden (Powell, 1991). 
The need for only one pre-enrichment broth for both media was confirmed by Smith et 
af. (1989) when they applied this method to detect Salmonella in animal feeds. Using 
this procedure, samples are recorded as either presumptive Salnumellae positive, 
negative or Salmonella suspect. Samples containing Salmonella are usually detected as 
presumptive positive 6-8 hr after pre-enrichment. They reported that all presumptive 
positive or suspect samples should be confirmed by latex agglutination and/or by 
biochemical tests. This method has been approved by AOAC and several optimistic trials 
were carried out for its proven advantages over conventional methods. The 
disadvantages of the method are being expensive to perform and requiring biochemical 
confirmations. 
Amott et af. (1988) have developed a modified lysine decarboxylase broth in 
combination with a selenite cystine TMAO dulcitol medium which could be applied to 
the measurement of Salmonellas by conductance measurement using a Bactometer (a 
microbial monitoring system, bioMerieux Vitex, Inc. USA). They used this method for 
the analysis of Salmonella in confectionery products with 50 strains of salmonellas and 
42 strains of other organisms. It detects all strains of Salmonellae analysed except S. 
pullorum. They claimed that the Bactometer system detected more positive samples 
when compared with the traditional methods and suggested that this method could 
provide a 48 hr screening procedure for Salmonella with a sensitivity comparable to 
present plating procedures. Pugh et af. (1988) produced a new modified conductance 
method for Salmonella which combines the Felix 0-1 bacteriophage, and a second phage, 
G47 for rapid detection of Salmonella. It also utilised the selenite cystine trimethyamine 
oxide dulcitol (scrrlD) of Easter and Gibson (1985) and the modified lysine 
decarboxylase broth (MLD) of Amott et al. (1988). They claimed that this Bactometer 
conductance phage test would give negative results in 2 days. However, as with the two 
other Bactometer techniques, it will not detect some Salmonella strains, such as S. 
senftenberg and S. gallinarum. As in the Malthus conductance test, using the 
Bactometer is expensive for some laboratories. 
2.3.5.4. DNA Based Rapid Salmonella Analytical Methods: 
The principle and applications of the DNA-based rapid methods used for analysis of 
Salmonella and other foodbome pathogens were reviewed by Fitts (1985) and recently 
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by Wolcon (1991). It utilises a nucleic acid (DNA) prepared probe targeting certain 
characteristics of the particular organism to be analysed. Although there were successful 
applications for analysing several food bacteria, it was difficult to develope a DNA probe 
for Salmonella spp. because they are not known to have any specific common virulence 
factor (except S. typhi's virulence antigen) or toxin genes that can be targeted. Some 
DNA based methods were developed for Salmonella analysis, such as by Fitts et al. 
(1983) using chromosomal sequences of Salmonellae and constructing a plasmid library 
to isolate an appropriate probe. The probe they isolated was successful in detecting 
Salmonellae without interference from the normal microbial flora or the physical and 
chemical matrix of the food. This work was the first to reach the commercial market as 
Integrated Genetics Isotopic Salmonella assay which was able to identify 350 
Salmonella strains. 
The GENE-TRAK® Salmonella colorimetric assay, which obtained AOAC first action 
approval in its newest version (Curiale and Klatt, 1990), has a DNA probe is labelled 
with fluorescein isothiocyanate (FITC) and Horse Radish Peroxidase (HRP); anti FITC 
antibodies are used to amplify the bound probe. More details of the method can be 
obtained from the authors and Wolcott (1991). 
In both methods mentioned for Salmonella analysis by DNA-based techniques, the 
culture enrichment step is still required. Therefore the methods take at least one day to 
perform. Bailey et al. (1991) pointed out that the GENE-TRAK® rapid methods are 
labour intensive to perform when compared to two rapid methods including Salmonella-
Tek and 1-2 Test, and two traditional culture methods, although false positive and 
negative results were less than the others (1.4% and 2.5% respectively). A later 
comparison study was carried out by Beumer et al. (1992) who showed that false 
negative results were higher, therefore the sensitivity of the Gene-Trak assay method was 
calculated as 77 .5% which was worse than other rapid methods such as for Lumac Path-
Stick assay (91.4%). The given reason for the low sensitivity is that the high numbers of 
Salmonella (approx. l04cells/ml) are necessary for a positive result were not reached, 
indicating difficulties with the enrichment procedure. The specificity of this method was 
found to be 100% by the same author. Wyan et al. (1992) argued that the amount of 
research work involved in development of a nucleic acid probe is greater than that 
required for monoclonal antibody production; also the rather involved extraction and 
hybridization techniques used in application of probes do not readily lend themselves to 
automation. Swaminathan et al. (1985) reported other disadvantages of DNA-DNA 
hybridization assays in that it uses a radioactively labelled probe to determine DNA 
sequence homologies. Flowers et al. (1989) reported that DNA hybridisation assays had 
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no widespread market acceptance as they require expensive equipment and are not 
convenient for analysts who run only a few tests per day. 
2.3.5.5. Rapid Salmonelhl Analytical Techniques by Immunoassays: 
A large number of enzyme immunoassays have been developed and used successfully in 
recent years to detect Salmonella in foods and earlier enzyme immunoassays for 
Salmonella analysis were reviewed by Rowers (1985). The specificity and the sensitivity 
of these assays are dependent on the quality of antibodies used in the test system 
(Schippers et al., 1992). As a general rule, ELlS As have been found to be comparable 
to conventional methods in terms of recovery of Salmonella and are as effective as 
conventional methods when large numbers of competitive bacteria are present. There are 
differences in performance between the different assays, but these are relatively minor 
and in many situations choice is likely to depend on convenience and ease of use. 
An Enzyme Immunoassay (EIA) method, Salmonella Bio-Enzabead™ Screen Kit 
(Organon Teknika Corp, Durham, NC), which employs 2 monoclonal antibodies has 
been extensively studied (Beckers et aI., 1986; Rowers et al.; 1986 and 1987, and Todd, 
1987). It was originally improved by Mattingley and Gehle (1984). The data obtained in 
those comparative and collaborative studies confirmed that the EIA method was as 
productive as the BAMI AOAC method, and the method was adopted by AOAC. The 
method is based on a sandwich ELISA format set on beads. It takes at least 3 days for 
screening Salmonella, and it requires confirmation because antibodies will cross react 
with a small percentage of non-Salmonella. Curiale et al. (1990) has reported a 
modification to this method taking less time (2 hr incubation time, pre-enrichment 
overnight, selective enrichment 18-24 hr, and post enrichment 6 hr) because antibody-
coated microtitration plates are used. They claimed that there were no false-negatives 
with the assay. This assay, called the Salmonella-Tek plate assay, (Salmonella-Tek 
ELISA, Organon Teknika), replaces the bead assay and is capable of detecting low 
numbers of Salmonella in post enrichment cultures. Schippers et al. (1992) pointed out 
that Salmonella-Tek assay may cross react with certain other gram-negative bacteria and 
suggested an alternative modification. Beumer et al. (1992) reported a sensitivity of 
88.9% and a low specificity of 82.6% which indicates false positive results. 
Rowers et al. (1988) argued that the manufactured Bio EnzaBead method (Organon 
Teknika Corp.) has not yet received widespread market acceptance because expensive 
equipment is required and the method is inconvenient for analysts who run only a few 
tests per day. They suggested a new EIA called Q-TROL Salmonella assay (Dynateck 
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Lab. Inc., Chantilly, VA.) which appears to be more convenient for laboratories 
performing limited numbers of assays. The system uses strip well microtitrater plates 
compared with beads which multiple plates employed. Collaborative studies reported by 
Rowers et al. (1989) showed that there was 98.5% agreement with this method and 
BAMI AOAC and therefore it has been adopted officially as a rapid screening method for 
Salmonella detection. 
A shorter ELISA method was developed by Aleixo et al. (1984) which takes 27 hr but 
this assay gave some high background values indicating possible interference from food 
proteins. 
The method developed by Swaminathan et al. (1978) is a membrane filter-disc immuno 
immobilization technique. Although the method is described as sensitive and specific, 
loss of moisture from the medium used during incubation may adversely affect the 
results. 
Prusak-Sochaczewski and Luong (1989) have introduced the utilization of two improved 
enzyme immunoassays based on avidin-biotin interaction for the detection of Salmonella 
and tested on S. typhimurium in foodstuffs. However this method has not yet been fully 
evaluated for all serovars. 
The following test kits and one ELISA kit under development are major acceptable 
Salmonella rapid analytical methods used recently. 
I. TECRA SALMONELLA RAPID METHOD: (Immunocapture) 
The fIrst commercially available ELISA was the TECRA Salmonella Visual 
Immunoassay (Bioenterprises Pty Ltd, Roseville, NSW, Australia) which has received 
interim approval from AOAC as a screening method for detection of Salmonellae in all 
food types and comparison studies were carried out with standard cultural methods 
(Hughes et al., 1987; Jay and Comar, 1988; and Rowers et al., 1988). It appears to be 
more convenient for laboratories that handle a limited number of samples, and which can 
be read either visually or insttumentally (Rowers et aI., 1988). This assay is an excess-
reagent sandwich type based completely on polyclonal antibodies and the result is 
determined visually. The TECRA Salmonella Immunocapture Diagnostic System 
replaces conventional selective enrichment. To perform a rapid screen for Salmonella in 
food or environmental samples a modifIcation of the standard enrichment protocol is 
used, employing 18-22 hr pre-enrichment culture, either 6-8 hr or 16-20 hr selective 
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enrichment culture and fmallyeither 16-20 hr or 6-8 hr post-enrichment culture. The 
alternative times for the second and third cultures are for foods nonnally expected to 
carry low and high microbial loads respectively (Flowers. 1988; Blackburn & Stannard. 
1989). All materials for the ELISA are supplied packaged in a box. The assay is based 
on a modified 96-well microtitration plate format. but the wells are supplied as strips of 
12 which can be inserted as desired into a base plate allowing detection by a small 
number of tests if required. The wells are pre-coated with the capture antibodies. To 
perform the assay. aliquots of pre-enrichment broth are heated in boiling water for 15 
mins before transfer to the wells. After two minute incubation step. with appropriate 
washes. substrate is added and the assay is finished by the addition of a stop solution 
giving an end-point colour of a shade of blue-green. Sample and control wells are read 
by comparison to a colour chart supplied with the kit (Wyatt et al.. 1992). More details 
on performing the assay can be obtained from the manufacture's manual provided with 
each test kit. 
Wyatt et al. (1992) reported that the antibodies are raised to flagellar antigens they may 
not recognise the very few non-flagellated Salmonella serotypes that exist. such as S. 
pullorum. Rowers et at. (1988) reported 3.1 % false positive results obtained from the 
data from collaborative and comparison studies with BAMlAOAC methods. 
2. KlRKEGAARD AND PERRY SALMONELLA ELISA SCREENING KIT©: 
Like the TECRA kit this assay is a sandwich ELISA utilizing a polyclonal antibody 
bound to the well surface of a microtitrate plate. It was introduced by Dynateck 
Laboratories (Billingshurst). This test kit differs from Tecra and Bio EnzaBead in that 
the adsorption of the capture antibody to the solid phase is done by the user and the 
recommended assay uses time-lapse sampling in which colour difference is measured 
between a sample taken at the time of medium inoculation and a sample after culture 
growth (Harford. 1987). The choice of medium and enrichment conditions are largely 
left to the user (Blackbum and Stannard. 1989). However. this method is labour 
intensive. requiring numerous manipulations. Vamam and Evans (1991) argued that this 
technique is less known than Bio EnzaBead and less fully evaluated. The kit gave higher 
numbers of false-negatives than the Bio EnzaBead test. 
3. PATH-STICK SALMONELLA ASSAY: 
Van Beurden and Mackintosh (1992 and Personal communications. 1992-1993) have 
developed an immunoassay detecting Salmonella in foods which is commercially 
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available and called the Path-Stick assay. This assay is based on dip-stick technology 
known from pregnancy testing. The dip-stick is composed of a small membrane fitted on 
a plastic strip. On the bottom part of the membrane, a small line is coated with highly 
specific-anti-Salmonella antibodies and the free space of the membrane is blocked. A 
built-in control line is situated at the top part of the membrane which, it is claimed, will 
develop only if the assay has been performed correctly. The principle of the assay is 
based on the sandwich assay without washing steps and using affinity purified polyclonal 
antibodies instead of monoclonal antibodies. 
The dip-stick is developed to facilitate Salmonella screening and replace traditional 
selective agar plating techniques. They claimed that so far, only one serotype of 
Citrobacter freundii appears to be cross-reactive and the sensitivity of the assay is ±106 
Salmonella/m!. This detection limit necessitates the use of a correct Salmonella 
enrichment protoco!. Three universal protocols have been developed that can be used 
for Salmonella screening based on the fact that products that have a high concentration 
of competitive bacteria (e.g. raw meat, poultry, environmental samples etc.) need a 
different enrichment protocol than products with a low total viable count (e.g. heat 
treated products such as fish meal). 
More details about Lumac Path-Stick assay can be obtained from the Lumac bv. P.O. 
Box 31101,6370 AC Landgraaf, The Netherlands. 
As mentioned above the disadvantages of this method are its cross-reaction with one 
serotype of C. freundii, however, this serotype is being reported to be uncommon in 
food area. The main disadvantages of this method is the need for high Salmonella 
number/ml to give positive results so requiring long enrichment incubation time. 
4. ELISA IMMUNOASSAY METHOD PRODUCED BY IFRN LABORATORY; 
This protocol was first developed in 1989 by the AFRC Institute of Food Research 
(IFR), Norwich, UK for rapid analysis of S. enteritidis in eggs innoculated 10 S. 
enteritidis cells after 18 hr. The assay was later applied to detection of S. typhimurium 
in foods successfully by the same laboratory. Lee et al. (1990) reported that by using 
only one cultural stage (in a non-selective chemically defmed medium) prior to ELISA, 
low numbers of Salmonella cells in food (10 cellsl25 g) were detected in 19 hr without 
any interference by non-Salmonellae even when present in the ratio of 106; 1 (non-
Salmonella/Salmonella) which further improved Salmonella analysis in foods. More 
recently this method has been further developed by IFR (Wyatt et aI., 1993) for a wide 
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range Salmonella species in foods. The principle of the assay depends on using 
polyclonal antibodies at capture stage and a cocktail of monoclonal antibodies for the 
detector stage (the Sandwich ELlS A format). The total completion of assay takes about 
33 hr: 
- pre-enrichment if a 25 g of sample at 370 C for 28 hr in 225 ml of chemically defmed 
non-selective broth medium (See Appendix. 2) (or alternatively a pre-enrichment broth 
incubated 7 hr plus a selective broth incubated for 21 hr) 
- followed by transfening culture fluid to the ELISA test incubation for 3 hr at 370 C 
with results read visually or by colorimeter. 
The detection limit of the assay was reported to be 4x 102 Salmonella cells/m!. Except 
with two very uncommon strains of Citrobacter freundii (NCTC 6271 and NCTC 6272) 
there was no cross-reactivity with other strains of C. freundii or other non-Salmonellae. 
2.3.5.6. Other Rapid Detection Methods for Salmonellll Analysis: 
I. TIlE BID-CONTROL 1-2 TEST: (Visual Salmonella assay) 
The Bio Control 1-2 Test (Bio-Control Systems Inc., Bothell, Washington, USA) is 
sometimes classified under Rapid Cultural Methods and sometimes under Immunoassays 
for Salmonella detection. It also gained initial approval by the AOAC for the detection 
of motile Salmonellae in foods (Flowers and Kiatt, 1989). The 1-2 Test is based on 
enrichment serology. The test is conducted in a disposable plastic device with two 
chambers. The first is an inoculation chamber which contains selective enrichment broth. 
The second chamber is a motility chamber containing a peptone based, non-selective 
motility medium to which polyclonal Salmonella flagellar antiserum is added. The 
principle is that after pre-enrichment, the food sample is added to the first chamber and, 
after 4 hr motile cells move from this broth into the non-selective motility medium where 
they encounter the diffused flagellar antibodies. They become immobilised to form a 
characterised U-shaped band in the upper half of the vertical chamber which indicates a 
positive result (Blackburn and Stannard, 1989, and Wyatt et aI., 1992). Negative results 
require 6 hr reincubation and re-examination (Flowers, 1988). Nath et al. (1989) have 
reported that the original 1-2 Test kit showed many false negative results and suggested 
a modification to improve sensitivity using selective enrichment (tetrathionate brilliant 
green broth) after pre-enrichment. They argued that the modified 1-2 test can rapidly 
screen Salmonella by as early as days, giving a 1 day advantage for a negative result and 
2 day for a positive sample over the Canadian official wet culture method. 
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The main disadvantage of 1-2 Test is an inability to detect non-motile Salmonellae, and 
positive results require further confirmation by culture methods. 
2. FLUORESCENT IMMUNOASSAY TECHNIOUES; 
The fluorescent antibody technique is an AOAC-approved EIA. The major problem with 
this method has been the occurrence of false-positive reactions requiring all positive 
results to be confirmed by the culture method. Its main value is that of a screening 
procedure (Andrews, 1985). Furthermore, this method has been reported as tedious and 
requiring an expensive fluorescence microscope and trained personnel to perform 
SUbjective evaluation of true results (Aleixo et aI., 1984). 
Karlsson and Thal (1974) carried out a study on the analysis of Salmonella in fish meal 
by an immunofluorescent (IF) technique in comparison to conventional culture 
techniques. The results indicated that at low numbers of Salmonellae in the specimens, 
the cultural procedure was more sensitive than the IF technique, and a high background 
fluorescence occurred which tended to mask the fluorescence of the Salmonella cells 
when they were present in low numbers. 
3. RAPID RADIOMETRIC METHOD; 
This is based on Salmonella poly H agglutinating serum preventing Salmonella from 
producing 14co2 from (l4c)dulcitol. The method will detect the presence or absence 
of Salmonella in a product within 30 hr. The method has been evaluated against a 
routine culture method using 58 samples of food. The overall agreement was 91 %. 
However, some strains of Salmonella do not ferment dulcitol, although this number is 
low, so this will give false negative results. It also gave 9% of false positive results. A 
further disadvantage of this method is that being a radiometric method it is not very 
popular in the food industry (Stewart et aI., 1980). 
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2.4. FOOD POSONING CAUSED BY Esherichia coli 0157:H7: 
E. coli 0157:H7 was fIrst recognised as a pathogen in 1982 (Doyle, 1991b) and the 
reponed number of outbreaks and cases has increased since then. Generally, E. coli 
occurring in the human and animal intestine is nonnally hannless (regarded as 
commensals). Unfortunately, at least 4 serotypes of E. coli have been reponed to cause 
gastrointestinal disease in humans. They may be described as; enteropathogenic (EPEC), 
enterotoxigenic (ETEC), enteroinvasive (EIEC) and verotoxigenic (VTEC). E. coli 
0157:H7 is most frequently reponed serotype which is now recognised as an important 
cause of foodbome disease with outbreaks reponed in the USA, Canada and the UK 
(Doyle, 1991b). 
2.4.1. SYMPTOMS 
General symptoms of this disease are mainly diarrhoea, visible blood in stool, severe 
abdominal pain and occasionally nausea, vomiting feverishness, headache and muscle 
ache (Palmer 1992). Doyle (1991b) reponed that E. coli 0157:H7 can cause quite 
severe illness in humans including three different syndromes, i.e. bloody diarrhoea 
(haemorrhagic colitis), renal failure (haemolytic uremic syndrome), and thrombotic 
thrombocytopenic purpura (TIP). 
Symptoms of haemorrhagic colitis begin with a sudden onset of severe crampy 
abdominal pain followed within 24 hr by watery diarrhoea which later becomes grossly 
bloody (all blood and no stool). Typically there is little or no fever and the duration of 
illness is 2 to 9 days. Time of onset ranges from 3 to 9 days. 
Symptoms of haemolytic uremic syndrome (HUS), which is a leading cause of acute 
renal failure in children, usually begin with the production of the bloody diarrhoea. 
Patients usually have a triad of fIndings which includes microangiopathic haemolytic 
anaemia (intravascular coagulation of erythrocytes that results in mechanical damage of 
erythrocytes as they squeeze through abnonnally narrow channels), thrombocytopenia 
(Iow circulating platelets), and acute nephropathy (kidney disorder). Individuals often 
require dialysis and blood transfusions, and may develop central nervous system disease 
characterized by frequent seizures and coma. Death may also result 
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The syndromes of TIP are similar to HUS but the central nervous system involvement is 
usually a major feature. Patients often develop blood clots in the brain and death usually 
results. 
Although the mechanism of pathogenicity of E. coli 0157:H7 has not been fully 
elucidated, all clinical isolates have been shown to produce one or two verotoxins (Vero 
cell cytotoxin). It is not known whether this serotype can produce verotoxins in foods or 
if ingestion of pre-formed verotoxins in foods can cause illness in humans (DoyJe, 1991). 
Kittell et al. (1991) revealed that verotoxin I (VT-I) produced by this serotype is 
relatively heat stable and may remain active if foods receive a mild heat treatment (45 -
70°C). Heating at 85°C for 5 mins completely inactivated VT-l. 
2.4.2. EPIDEMIOLOGY: 
Table 21 (in the next page) shows some examples of major outbreaks caused by E. coli 
1057:H7. The i1nplicated foods in most outbreaks were ground beef, pork and lamb. 
Dairy cattle, especially young animals have been identified as a reservoir (Doyle, 199Ib). 
According to Sharp and Dev (1992) the first cases reported in Scotland were in 1984. 
Since then, the number of cases has dramatically increased as shown below (Table 22); 
Table. 22: Epidemiology of E. coli 0157:H7 in Scotland between 1984 to 1991. 
1984 1985 1986 1987 1988 1989 1990 1991 
3 3 4 12 39 86 161 196 
The food vehicles in these cases were not specified. 
In Canada, over the past few years VTEC E. coli has been reported to be of increasing 
importance currently being the cpmmonest cause of paediatric renal failure. In Quebec, 
in 1990 and 1991, an average of 107 cases of haemorrhagic colitis were reported, caused 
by E. coli 0157:H7 (Cardinal, 1992). 
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Table. 21: Some examples of the epidemiology of food poisoning caused by E. coli 
O157:H7. 
Year Location N. of cases Vehicle Reference 
1982 Oregon 26 Ground beef Riley et al. 
(1983) 
1982 Michigan 21 Ground beef Riley et al. 
(1983) 
1982 Ontario 31 Ground beef (primary), Stewart et al. 
person to person (secondary) (1983) 
1984 Nebraska 34 Ground beef Ryan et at. 
(1986) 
1985 Ontario 73 Ham and turkey (primary), Carter et at. 
person to person (secondary) (1987) 
1985 G. Britain 20 not specified Rowe (1986) 
1986 Alberta 16 Ground beef Honish (1986) 
1986 Washington 37 Ground beef Griffin et al. 
(1988) 
1987 England and 26 Turkey roll sandwiches Salmon et al. 
Wales (1989) 
1987 Utah 51 Ground beef Pavia et at. 
(1990) 
1988 Minnesota 30 Ground beef Belongia et at. 
(1989) 
1984- Scotland 504 Food borne (not specified), Sharp and Dev 
1991 water borne and person to (1992) 
person 
1990- Quebec 107 Food borne (not specified) Cardinal 
1991 and others (1992) 
Stavric et at. (1992) reported that since young chicks are susceptible to colonization with 
E. coli 0157:H7 and has been isolated from poultry samples, they carried out an 
experimental trial on CE treatment of E. coli 0157:H7 from chicks with anaerobic 
cultures of faecal micro flora. The results were promising. 
2.4.3. DETECTION OF E. coli 0157:H7: 
Generally, strains of E. coli are motile, producing acid and gas from lactose at 44°C and 
at lower temperatures, indole positive at 44°C and 37°C. The serotype 0157:H7 is 
different from most other E. coli in certain growth and physiological characteristics, 
therefore many procedures commonly used to detect E. coli in foods will not detect E. 
coli 0157:H7. For example, traditional detection procedures for E. coli in foods use an 
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incubation temperature in the range of 44.5° to 45.5°C to select the organism. However, 
E. coli 0157:H7 does not grow well at this temperature. Additionally, the organism 
responds differently than most E. coli in a recently developed rapid fluorogenic assay 
which uses the compound 4-methylumbelliferone glucuronide (MUG) as an indicator to 
detect E. coli. Unlike other serotypes of E. coli, the serotype 0157:H7 does not fennent 
sorbitol. Therefore, Sorbitol MacConkey agar usually is used to identify this serotype, 
giving colourless colonies whilst other strains of E. coli give pink colonies. There are 
not many methods for detecting E. coli 0157:H7 and the traditional as well as current 
rapid methods have some drawbacks as described by Doyle (1989 and 199Ib). For 
example, although the Hydrophobic Grid Membrane Filter (HGMF) method of Doyle 
and Scoeni (1987) can effectively isolate the organism from foods, it is not amenable to 
routine use. Therefore an alternative method is needed for a rapid and reliable detection 
of E. coli 01 57H7. The Lumac Company has also produced an immunoassay for this 
particular serotype which is similar to Salmonella Path-Stick assay. However, this 
method is still under development and its evaluation for different food samples are 
required. Therefore, it was aimed to apply this method to fish meal. 
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3. AIMS OF THE STUDY: 
• To evaluate most of the suitable current rapid analytical methods for Salmonella 
analysis in comparison with the traditional techniques for fIsh meal. 
• To check the microbial and chemical quality of fish meal production before 
processing at the raw material stage, during processing and during storage after 
production. 
• To investigate pathogens (Salmonella and E. coli 0157:H7) and toxins (histamine, 
histamine-like amines and aflatoxins) in various fIsh meal batches. 
• To test the effect of type of raw material, processing and storage conditions on the 
histamine level in fIsh meal. 
• To investigate general microbial quality in terms of coliforms, total viable count and 
histamine forming bacteria count during fIsh meal production. 
• To evaluate or modify if necessary analytical methods for histamine analysis in fish 
meal. 
• To develop an ELISA method for histamine analysis, by producing polyclonal 
antibodies using a modifIcation of Mita et al. (1984) and application of the method 
of Morgan et al. (1986) (originally used for antisera production against 
Sterigmatocystin) to histamine for antisera production. 
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4. EXPE~ENTALPROCEDURE 
4.1. MATERIALS 
4.1.1. CHEMICAL REAGENTS: 
Histamine free-base and dihydrochloride, putrescine, spermidine, spermine and 
cadaverine hydrochlorides were supplied by Sigma Chemical Company Co. Ltd. and p-
bromoaniline was provided from Aldrich Chem. Co. Ltd. and May and Baker, (BDH 
Ltd). 
Cylohexanoic acid and sebacoyl dichloride were supplied from Aldrich chemical 
company. Bovine Serum Albumin (BSA), Keyhole Limpet hemocyanin (KHLH), Bovine 
thyroglobulin (BTG), enzyme-labelled second antibody (antirabbit) and Aflatoxin B I 
were obtained from Sigma Chemical Co. Ltd. Substrates were provided from Cambridge 
Veterinary Science Ltd. Cambs. Adjuvant (Freund) to immunize rabbits was supplied 
from Difco Laboratories. Methanol (except HPLC .use) and acetone were general 
purpose grade. All the other chemical reagents used were analytical grade; unless 
indicated in the methods differently, and were either provided by BDH Ltd. or Aldrich. 
4.1.2. MICROBIOLOGICAL MEDIA, BROTHS AND TEST KITS: 
Salmonella Chemically Defined Medium (SCDM) was prepared according to the 
procedure given by IFR, Norwich (see detailed information for the formulation in 
Appendix. 2a). Modified Niven's Medium was prepared as in Appendix. 2b, 
Tetrathionate Broth (TB), Buffered Peptone water (BPW) CM509, Peptone'water (PW) 
CM9, Lactose broth (LB) CM137, Nutrient broth (NB) CMI, Rappapon Vassiliadis 
Enrichment broth (RV) CM669, Tryptone Soya Broth (TSB) CM129, Lauryl Bile Broth 
with tryptophan (LBB) CM831, Brilliant Green Bile Broth (BGB) CM31, Technical 
Agar (No. 3) Ll3, Brilliant Green Agar (BGA) CM263, MacConkey Agar (MCA) 
CM137, Xylose Lactose Desoxycholate media (XLD) CM469, Modified Bismuth 
Sulphite Agar (BSA) CM201, Malt Extract Agar (MEA) CM59, Nutrient Agar (NA) 
CM3, Plate Count Agar (Tryptone Glucose Yeast Agar) (PCA) CM325, Violet Red Bile 
Glucose Agar (VRBGA) CM485, Lysine Iron Agar CM381 (LlA) CM137, Mannitol 
Lysine Crystal Violet Brilliant Green Agar (MLCB Agar) CM783, Sorbitol MacConkey 
Agar (SMA) CM813, Salmonella Rapid Test Kit and Latex Test, and Salmonella Rapid 
test Elective Medium (SRTEM) CM857 were supplied from Oxoid Ltd., (Basingstoke, 
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Hants). Eosin Methylene Blue Agar (EMBA) Lab61, Triple Sugar Iron Agar (TSIA) 
LabS3 and Oxytetracycline-Glucose Yeast Extract Agar (OGYEA) Lab89 were provided 
from LabM, Bury, Lanc. Api 20E was from Api, LA Balme Les Grottes, France. 
Polyvalent 0 & H antisera were supplied by Wellcolme Diagnostics, Division of 
Wellcolme Foundation Ltd., (Dartford). The Path-Stick Salmonella and E. coli 
0157:H7 test kits were donated by Mr Rob van Beurden, Lumac bY, (Landgraaf, The 
Netherlands). 
4.1.3. PURE MICROBIOLOGICAL CULTURES 
E. coli 0157:H7 was also donated by Mr. van Beurden, Lumac bY, (Landgraaf, The 
Netherlands). Citrobacter freundii (8173), Salmonella typhimurium (10248), 
Morganella morganii (Proteus morganii) (235), Klebsiella pneumonia (8152) were 
obtained from the National Collections of Industrial Marine Bacteria Ltd. (NCIMB, 
Aberdeen). Enterobacter cloacae (5920), Enterobacter aerogenes (88), Esherichia coli 
(8196) and (8950), Edwardsiella tarda (2034), and other Edwardsiella spp., Klebsiella 
oxytoca (2121), Proteus vulgaris, Proteus mirabilis (134) and other Proteus spp., 
Pseudomonas fluorescens, Providencia stuartii 1028, P. rettgeri (865) and Providencia 
spp. (612) and S. anatum (3072) were supplied from Catalogue of the National 
Collection of the Type Cultures 1972, (London). S. agona, S. berta, S. dublin, S. 
enteritidis, S. hadar, S. infantis, S. indiana, S. typhimurium and S. virchow, were 
obtained from the Institute of Food Research, Norwich Laboratory, (Norwich). 
Aspergillus flavus 273251, A. niger (266385), Penicillum digitatum (262791) and P. 
crustosum (270555), Fusarium culmorum (271473) were provided from Catalogue of 
the Culture Collection of the Commonwealth Mycological Institute, (Kew, Surrey). 
(The figures in parenthesis represent the code number of the mentioned microorganism 
from the providing company). All cultures were maintained according to the 
manufacturers specifications. 
4.1.4. SAMPLES: 
Fish meal samples used for analysis were of two types. The first type was supplied from 
commercial processing companies, namely, two batches from Chile, two batches from 
Shetland I~lands, one batch from Turkey (Tiirkiye), and the rest from England. The type 
of fish used for raw materials of the commercially processed meals were unknown. 
However, batches from England were most likely produced from industrial waste fish, 
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mainly I: I oily/white muscled fIsh, whereas the Chilean and Turkish fish meal samples 
were mainly from oily fish such as anchovies (Engraulis encrasicholus ponticus). The 
second type of fish meal was produced under controlled laboratory conditions. The fish 
used for processing were mackerel (Scomher scomhrus), plaice (Pleuronectes platessa), 
dog fish (Squalus acanthias), herring (Clupea harengus harengus), cod (Gadus 
callarias) and haddock (Melanogrammes-Gadus- aelefinus). All the fIsh were provided 
fresh from Grimsby Fish Docks, England. The actual sources of fish caught were 
unknown. 
4.1.5. EQUIPMENT: 
The following pieces of equipment were used. 
I) Climbing film evaporator (constructed by S. Shaw at the University of Humberside, 
Food and Fisheries Department). 
2) Knife Mill, (Grid sizes; 2, 3, 5 and 11 mm) Fuchsmuhlen, Maschinenfabric 
Maximilllian Funchs and Co. 3) 
4) Double Drum Lab. Roller Dryer, A.P.V. Mitchell Dryers Ltd. 
5) Steam Jacketed Pan (Boiling Kettle), Benham and Sons Ltd., Kitchen Engineering 
Division. 
6) Homogeniser, 25-240V Funkentstort, Ystral Gm6H. 
7) For HPLC; 
At Urn, of Humberside. Grimsby: 
-Trivector (TRO) Chromatographic Computing Integrator. 
- Pumps, Gilson 303, 
- UV detector, PYE Unicam Bu 4020 
- Shimadzu RPR-GI processor. 
At IFR. In Norwich: 
- Pump LKB 2150 controller, 
- Detector: Kratos Spectroflow 773, 
- Integrator, Spectraphysics SP4100, 
- Coloumn, LKB Sperisorb ODS2 (C8), 31lm cartrige column, 10 cm long 
8) ForTLC; 
-Spotter and syringe, Camag Linomat Ill, BDH Ltd. Division of Merc Ltd. 
-Shimadzu Data Recorder DR-2 and Dual-Wavelength TLC scanner CS-930, Hetton 
Lyons, 
9) MSE Spectro-Plus D was used for colorimetric measurements. (MSE Sci. Inst.) 
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11) Centrifuge, MSE Highspeed 18' Refrigerator Centrifuge, MSE Measuring and 
Scientific Equipment Ltd. 
12) Digital pH meter PW94 10, Philips 
13) Mixer by Hobart Ltd. Model A120. 
14) All fluorescence measurements were carried out with a Shirnadzu 
Spectrofluorophotometer, RF-540. 
15) The pipettes were supplied from Anachem Ltd. (Gilson pipettes). 
16) The plate washer and data handling software were provided from ICN Row 
Laboratories. 
17) The plate reader (set at 450 nm) was supplied from Pharrnacia (Multicalc) Ltd. 
18) Microtitration plates were from Gibco Life Technologies Ltd. (Nunc plates). 
19) Dialysing tubes (bags) were from Visking Tubing, Medicell International Ltd. 
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4.2. METHODS 
4.2.1. HISTAMINE ANALYSIS 
4.2.1.1. Traditional Colorimetric Method: 
This is based on the method of Hardy and Smith (1976). 
a) Preparation of extract: 
Fish or fIsh meal product (20 g) was homogenised with 200 ml of 2.5% (w/v) 
trichloroacetic acid (TCA) and fIltered using a Whatman No: I fIlter paper. 
b) Separation of histamine from interfering substances: 
A slurry of I g of Amberlite resin CO-50, chromatographic grade type I, 100-200 mesh, 
in 10 m1 of buffer solution was poured into a chromatographic column (i.d. 12 mm). 
Buffer solution of pH 4.63 was prepared by mixing equal volumes of 0.2 M acetic acid 
and 0.2 M sodium acetate solution. The resin was washed with 150 ml of buffer 
solution. 
A certain amount of the sample extract (V) (containing not more than 2 mg of histamine) 
was neutralised to pH 7.0 with I M potassium hydroxide (KOH) and filtered by using 
Whatman fIlter paper. (V being 75, 25, 10 or 5 m1 according to the expected histamine 
content in the sample being analysed). The neutralised extract was added to the column, 
washed with 150 ml of buffer solution to remove interfering substances. The absorbed 
histamine was eluted with exactly 25 ml of 0.2 M hydrochloric acid (HCI). A blank was 
prepared following the same procedure with V ml of 2.5% w/v TCA. 
c) Diazotising solution: 
(Prepared according to Orundemeir and Andrews, 1965) 
p-Bromoaniline (0.894 g) was dissolved in 9 m1 of conc. HCI and diluted to lOO ml with 
distilled water and cooled to O°C in an ice bath. Four m1 of the solution was pipetted 
into a lOO m1 volumetric flask cooled in a ice bath and 4 m1 of pre-cooled 5% sodium 
nitrite was added. Mter 5 minutes, 10 ml of 5% sodium nitrite solution was added. Mter 
5 mins, the mixture was diluted to lOO m1 with distilled water. The reagent was ready 
for use after standing for 15 mins and was stable for 12 hr. 
d) Colour deyelopment: 
One m1 of the acid eluate was added to 15 m1 of pre-cooled 5% w/v sodium carbonate 
(Na2C03) solution in a stoppered test tube, followed by 2 m1 of the chilled diazotising 
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solution. After mixing and allowing the contents to stand at ODC for \0 mins, the 
absorption was measured at 495 nm using distilled water as a reference. The 
concentration of histamine (H=~glml) was then read off from the calibration curve. 
e) Standard calibration curve: 
A standard solution containing 1 mg of histamine in I ml of 0.2 M HCI was prepared. 
Standard solutions were prepared by pipetting 0, 2, 4, 6, and 8 rn1 of the stock solution 
into 100 ml volumetric flasks and making up with 0.2 M HC\. These solutions contained 
0, 20, 40, 60, 80 ~glm\. One ml aliquots of standard solutions were treated as for the 
acid eluate. The absorbencies were plotted against the concentration of histamine in ~gI 
ml. 
f) Calculation: 
The histamine content of the sample was calculated as follows; 
H ~g histamine are present in 1 ml eluate 
H X 25 ~g histamine are present in 25 ml eluate 
H X 25 ~g histamine are present in V ml eluate, 
Twenty g of sample contain 20g - % M in 200 ml of TeA (where M is the percentage 
moisture content of 20 g sample.) 
The histamine (Ilg) content of 20 g of wet fish or fish meal sample was: 
{ 25 H ( 200 + ~ ) 100 x _1_} mg per 100 9 V 20 1000 
Reduces to; 
H (looo+-M) 
40V 
rrg histamine / 100 g fish (wet weight basis-WWB) 
The calculation of mg histamine/lOO g fish on a dry weight basis (DWB) was carried out 
as follows; 
Assuming the result from the above formulae is A, then histamine 1100 g DWB is 
= {( AA lOO) 1100 - % M} mg histamine/lOO g fish (DWB) 
where M = % Moisture content of lOO g sample. 
Moisture content of fish samples were determined as in the following; 
g) Moisture content: 
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Moisture content· was determined according to the EEC recommended oven drying 
method (150.R. 442-1973). The determination was carried out in triplicate. The samples 
were well homogenized and representative of the whole batch under test. 
A steel dish containing about 20 g of sand and glass rod was placed in an air oven and 
dried to constant weight at 103 ± 20°C for I hr. The dish was cooled in a desiccator for 
30 mins and was weighed (WI). After adding about 5 g (W2 )of sample about 5 mlof 
industrial ethanol was added and the mixture was stirred with the glass rod to give a 
homogeneous paste. The dish was placed on a water bath at 60-80°C and stirred 
occasionally until all the ethanol had evaporated. The dish and the contents (including 
rod) were replaced in an air oven and dried to constant weight at 103± 20°C overnight. 
The dish and content were cooled in a desiccator for 30 mins and weight (W3). 
% Moisture content =&1...±...W21 . ...=JY:l- xlOO 
f) Recoyery Tests; 
Recovery tests were carried out with cod fish ftllet because no histamine was expected in 
cod which makes it easy to calculate results. Twenty mg of histamine was added to 20 g 
of cod fish flesh including 200 ml TCA. The experiment was carried out as in the 
original colorimetric technique. 
4.2.1.2. Modification of Colorimetric Method: 
Several problems experienced with original colorimetric method such as difficulty in 
ftltering the homogenate and column separation when it was applied to fish meal. 
Therefore, it was decided that modification of the method was necessary. Furthermore, 
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it was also aimed to reduce the original amount of the sample (20 g) and TCA volume 
(200 ml). Moreover, the original moisture content procedure was thought to have 
unnecessary steps such as, using sand and alcohol to increase homogeneity of the sample 
since the characteristic of fish samples differ from fish meal samples. The following 
modifications were applied to solve the problems encountered and for simplification of 
the method. 
4.2.1.2.1. Filtration: 
a) Vacuum fIltering was used. 
b) Centrifugation at several speeds (1,666 g - 23,000 g) was tried in combination in 
order to solve both fIltering and column problems. 
4.2.1.2.2. Column Separation: 
Nine different tests were carried out and the same batch of well mixed fish meal sample 
was used during the tests 1-7. Tests 1,2,3,4 and 6 were triplicated. Tests 5 and 7 were 
performed 7 times. 
Test 1) Twenty g of sample was extracted with 200 m1 TCA, centrifuged at 3,000 rpm 
(l,666 g) about 20 mins and fIltered. After fIltration the pH was adjusted to 7.0, 
appearance observed and 25 ml of the aliquot run through the separation column. 
Test 2) Five g of sample was extracted with 200 m1 TCA, centrifugation was carried out 
twice at 1,666 g and at 12,000 rpm (23,000 g) for 20 mins each. After fIltration 75 m1 of 
neutralised aliquot was used for column because a less amount of sample, but the same 
amount of TCA was used. 
Test 3) Twenty g of sample with 200 m1 TCA was centrifuged at 23,000 g for 20 mins, 
fIltered, 150 ml TCA added and centrifuged again at the same speed and time. Seventy 
five ml of aliquot was used for the column. 
Test 4) Twenty g of sample with 200 ml TCA was centrifuged at 23,000 g for 20 mins 
then to 10 m1 of the first fIltrate 100 m1 TCA was added, centrifuged again at the same 
speed and time and 75 ml was used for the column separation. 
Test 5) Twenty g of sample with 200 ml TCA was centrifuged twice at 23,000 g for 20 
mins each time and 25 ml was used for the column separation. 
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Test 6) Same procedure was used as in lest 5 except one centrifugation was carried out. 
Test 7) Same procedure was used as in lest 6 except the aliquot was mlered afler 
neutralisation. 
Test 8) Potassium hydroxide (KOH) at different concentrations (0.1 and IN) was added 
to IM Calcium carbonale (CaC03) solution and adjusled to pH 7 or above (pH 7 to 11) 
to observe appearance of the solution in order to compare this to the sample solution 
afler neutralisation. Colour and appearance were also observed afler reversing the 
solution to the acidic pH (below 5) with TCA. 
Test 9) The following experiment was carried out to investigale the effect of the type 
and quality of raw malerial used in fish meal production in order to identify the reasons 
for inlerference with colorimetric method: 
Four different types of fish meal were produced and lesled separalely for the effect on 
the problems occurring in colorimetric method for histamine analysis. 
These were: 
a) From whole fish including fatty, while fish and dog fish. 
b) Only from the bony parts of above types of fish (mainly flesh removed). 
c) From fish guts and heads. 
d) From fish muscles only, including tiny V shaped bones (because of difficulty of 
removal). 
4.2.1.2.3. Investigation of the Effect of Different TCA Concentrations in Histamine 
Extraction: 
Several concentrations (% w/v) of TCA were used to extract histamine from foods and 
their performance were evalualed. The concentrations were 2.5, 3.0, 4.0, 5.0, 6.0, 8.0, 
10.0, 12.0% (w/v). The experiment was carried out in triplicale with two series. The 
same batch was used for each series. The original colorimetric method was used using 
fish meal samples produced from boneless fish flesh. The same procedures were carried 
out with all the lests, and the same conditions were used for all the samples at different 
extraction concentrations of TCA. 
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Ten g of each sample with lOO ml of TCA was used. Samples were homogenised, 
centrifuged at 23,000 g for IS mins and filtered. Four ml of IN KOH were added to 
known volumes from the extract, the extracts were then filtered again. This is the 
normal procedure to obtain absorption readings. 
4.2.1.2.4. Investigation into the Effect of Reduced Sample Weight and TCA 
Volume in Histamine Analysis: 
The following procedure and treatments were carried out to simplify the colorimetric 
method using less sample weight and extraction solution. Three series were prepared 
from the same batch as follows: 
a) 20 g of fish meal sample with 200m1 2.5% TCA, 
b) 10 g of fish meal sample with lOOmI 2.5% TCA, 
c) 5 g of fish meal sample with 50ml 2.5% TCA, 
The modified colorimetric procedure (See Results Section. 5.1.2.1 - 5.1.2.3. and 
Methods Section. 4.2.1.3.) was applied to this procedure. After centrifugation and 
fIltration of samples, 4 ml of IN KOH was added to 30 ml of filtered extract to 
precipitate calcium and adjusted to pH 7. It was then filtered to provide a clear 
solution. 
4.2.1.2.5. Modification of the Moisture Content Procedure for Fish Meal Samples: 
Fish meal samples unlike fish flesh have a powder-like consistency which facilitates 
homogeneous heat transfer within the product. Therefore, the moisture content 
procedure used for fish samples using sand and alcohol treatment as given under the 
Section 4.2.1.1g. was not necessary. The following modification was carried out to 
simplify the current moisture content procedure for fish meal samples. 
The modified method, was carried out as follows: 
A steel dish was placed in an air oven and dried to constant weight at 103±20°C for I hr 
then was cooled in a dessicator for 30 mins and weighed (W n. About 5 g of fish meal 
(W 2) was added and replaced in an air oven and dried to constant weight at 103± 20°C 
overnight. The dish and content were cooled in a desiccator for 30 mins and weighed 
(W3). 
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Therefore, the results were calculated from following formula; 
% Moisture content =&1 + Wi). - wl_ xlOO 
The determination was carried out in two series from the same batch to check 
reproducibility as well as the accuracy of the two methods. The first series contained 12 
samples and the second contained 8 to 10 samples. 
4.2.1.3. Modified Colorimetric Method: 
The modified method is given below (which is modified by the author). For the 
modification steps, see Section 4.2.1.2. and results, see Section. 5.1.2. 
a) Preparation of extract: 
Ten mg of fresh fish or fish meal product was homogenised with lOO ml of 2.S% 
trichloroacetic acid (TCA). The homogenate was centrifuged at 23,000 g and ISoC for 
IS mins and filtered using a Whatman No: I filter paper. 
b) Separation of histamine from interfering substances: 
A slurry of 1 g of Amberlite resin CO-SO, chromatographic grade type I, 100-200 mesh, 
in 10 m1 of buffer solution was poured into a chromatographic column (i.d. 12 mm). 
Buffer solution of pH 4.63 was prepared by mixing equal volumes of O.2M acetic acid 
and 0.2M sodium acetate solution. The resin was washed with ISO ml of buffer solution. 
A certain amount of the sample (according to sample size of V 3) extract (V I) was 
neutralised to pH 7.0 with a known amount of IM KOH (V2) which was measured with 
an accurate measuring pipette while adjusting the pH and filtered using Whatman filter 
paper. A volume of the filtrate (V3) containing not more than 2 mg of histamine was 
checked for pH 7.0 and adjusted with KOH (O.IM and IM) and TCA (0.1 and 2.S%) 
(V3 being 7S, 2S, 10 or S m1 according to the expected histamine content in the sample 
being analysed). The neutralised extract was added to the column, washed with ISO m1 
of buffer solution to remove interfering substances. The absorbed histamine was eluted 
with exactly 2S m1 of 0.2M He\. A blank was prepared following the same procedure 
with V ml [V= (VINI +V2).V3] of 2.S% trichloroacetic acid. 
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c) Diazotising solution: 0.894 g p-Bromoaniline (Aldrich Chemical Company Ltd.) was 
dissolved in about 20 ml of IN HCI and made up to 100 ml with IN of HC!. Then the 
same procedure was carried out as in the original method. (Note that p-bromoaniline 
from BDH Ltd., provided between 1989-1990, does not dissolve easily in either conc. 
HCI or IN ofHC!. 
d) Colour development: The same procedure was carried out as in the original method 
except that the cells containing solutions to be measured were warmed to 50-60°C, using 
a water bath. 
e) Standard calibration curve: The same procedure was followed as in the original 
method. The formulae were used for calculation of histamine content mg/lOOg of 
sample) as for the original method except that a special calculation was needed for value 
V, which was: 
I 
Where; 
V I is the extract taken for the neutralisation process. 
V2 is the volume of the potassium hydroxide used for pH adjustment. 
V3 is the volume measured to be used for the column separation. 
f) Recoyery tests: 
Twenty mg of histamine was added to 20 g of fIsh meal sample in 200 ml of TCA. The 
modifIed procedure was applied except one treatment was carried out without fIltration 
after neutralisation, and left overnight for column separation. Recovery tests were 
carried out using 10, 15 and 20 ml of sample for the column separation. 
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4.2.1.4. Thin Layer Chromatography (TLC): 
The method is based on that developed by Murray (1984) quoted by Baronowski (1985). 
a) Histamine Standards: 
Histamine hydrochloride (169.6 mg) was made up to lOO ml with O.lM HCI ( I ml '" 1 
mg histamine) as a stock solution. From this solution, I, 2,4 and 6 ml was pipetted into 
separate 100 ml volumetric flasks and made up to volume with methanoL These 
standard solutions were equivalent to 10, 20,40 and 60 mg per lOO g of fish meal. 
b) Equilibration of chromatography tank: 
The appropriate amount of solvent (chloroformlmethanoVammonia) in the ratio 70 I 30 I 
5 to cover the bottom of the tank to a depth of 15 mm was added. The lid was placed on 
the tank and the contents were allowed to equilibrate for I hr at room temperature of 20° 
C. Higher temperatures may cause the solvents to separate. 
c) Sample preparation: 
Ten g of fish meal sample was homogenised with 70 ml of methanol for one minute. The 
homogenate was decanted into a 100 ml conical flask and placed in a 60°C water bath 
for 20 mins. After cooling, the volume was made up to 100 ml, mixed thoroughly and 
filtered. The filtrate was used to spot directly to the activated TLC plates. 
d) TLC procedure: 
The plates were activated at 105°C for 30 mins to one hour and allowed to cool before 
spotting with standards and samples, using the Camag Linomat III spotter. At least 3 
standards were included on each plate. 
The prepared plate was then carefully placed in the equilibrated tank and left to run until 
the solvent front reached within 5 mm of the top edge or the plate was completely 
covered. The plate was removed and dried thoroughly in an oven at 100°C. After 
cooling, the plate was sprayed with 0.5% ninhydrin in butanoL The spots can be 
developed by heating at 105°C for 2-3 mins, but the best results are obtained by leaving 
the colour to developed in the dark overnight. 
Rf values = distance from base line to the centre of the spot 
distance from base line to solvent front 
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The histamine spots were quantified using a Shimadzu Thin Layer Chromato-scanner at 
570 nm. The calibration curve was carried out with regression analysis. 
4.2.1.5. High Performance Liquid Chromatography (HPLC): 
(This method was that modified by Parry in 1989, according to Hayman et al.. 1985 and 
Rosier and Peteghem, 1988.). 
a) Reagent preparation: 
They were all prepared with HPLC grade distilled water except the following; 
Dansyl [(5-dimethylamino)-I-naphthalene sulfonyl chloride]: 0.5% wlv in acetone (0.05 
gIlOcm3). 
Ethyl acetate (ethyl ethanoate) and methanol were HPLC grade. 
De-ionised water can be prepared by treating distilled water with activated charcoal then 
fIltering through paper and finally through a 0.45 ~m membrane fIlter. HPLC grade 
distilled water was used during the experiment 
b) Storage ofreagents: 
Dansyl chloride and proline solution were freshly made as required. (Proline solution 
could be kept refrigerated up to 2 weeks). Standards were either prepared freshly or 
kept frozen in small amounts ready for use. HPLC grade water was used during the 
experiments. Other reagents were stored without refrigeration. 
c) Standards: 
The amines (histamine, cadaverine, putrescine, spermine and spermidine) were used at 5 
mg 1100 cm3 free base. 
The following amounts of amines gave 50 mg/lOO cm3 solutions when dissolved in 100 
cm3 of water using amine hydrochlorides. 
Histamine. 2 HCl = 0.0829 g 
Putrescine.2.HCl = 0.0914 g 
Cadaverine. 2 HCl = 0.0857 g 
Spermine. 4 HCl = 0.0860 'g 
Spermidine. 3 HCl = 0.0877 g 
Tyramine (free base)= 0.0500 g 
Each standard was diluted to 5 mg % to use as single standards by mixing 1 volume of 
stock solution with 9 volumes of water. 
97 
d) Sample extraction: 
One g of fish meal was weighed out and 9.0 cm3 of 5% TCA were added to it, mixed 
with a vortex mixer and after 10 - 15 mins standing, the extract was filtered through 
"fast" type filter paper. 
e) [)erivatjsation: 
Sample extract (0.2 cm3) was measured into an Eppendorf vial (or other small reaction 
tube) and excess solid sodium carbonate added to neutralise it. To this neutralised 
solution, 0.5 cm3 dansyl chloride solution was added and shaken well. After leaving it in 
the dark at 15-30°C for at least 15 hr (overnight was convenient), 0.4 cm3 proline was 
added, shaken well and left 1 hr at room temperature. Finally, 0.5 cm3 ethyl acetate was 
added and shaken well. After the layers were separated, the upper (aqueous) layer was 
removed to a clean tube taking care not to include any of the lower layer. A mixed 
standard was prepared in the same way, substituting 0.2 cm3 of standard solution in 
place of the sample solution. 
f) Separation by H P L,e. 
The system used consisted of; 
- Solvent delivery system for 2 solvents. 
- Gradient controller to give 4 linear sectors. 
- 250 X 4.6 mm column containing Spherisorb S5C8 or 
similar material (octyl5 Ilm bead size) 
- Ultra- violet absorption detector working at 254 nm 
- Plotter with paper speed 5-20 mml minute or 
computerised plotting system. 
After equilibration with a mixture of 100% methanol and 100% water, 5 III of sample or 
standard was injected and the following elution regime was begun. 
injection time (minl 
0.0 
7.0 
11.5 
19.0 
% methanol 
70 
80 
100 
100 
Flow rate 1.2 cm 3 Imin throughout. 
g) Ouantification: 
% water 
30 
20 
o 
o 
Absorption peaks were measured at 254 nm and integrated electronically. 
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4.2.2. DEVELOPING AN ENZYME IMMUNOASSAY FOR HISTAMINE 
ANALYSIS: 
The background to the immunoassays and the reasons for developing an immunoassay 
were given in detailed at Section 2.2.6. 
As explained in Section 2.2.6.2. because of its low molecular weight histamine is not 
immunogenic by itself, therefore, it was necessary to conjugate it to a bigger molecule 
such as a protein. The possible conjugating routes (See Fig. 6) were mentioned in 
Section 2.2.6.2. In this study two different conjugation routes were attempted: 
The first route involved binding a protein to histamine through its primary route by 
providing a bridge with sebacoyl dichloride between histamine and protein for 
immunogen synthesis. Coating conjugates (histamine-protein) were prepared because 
the ELISA format aimed for uses antigen coated plates. Glutaraldehyde was used for 
bridging in coating conjugate synthesis. There is the possibility that histidine could 
crossreact with the antibodies raised to this conjugate because of the -COOH group 
which is very close to the -NH2 group. However, this method was attempted because it 
is easier than 2nd or 3rd possible routes and it was hoped that other compounds, such as 
histidine, methyl-histidine, and other metabolites of histamine would not crossreact with 
the antibodies produced. 
In the second method histamine was conjugated through its secondary carbon (C-2) 
route by firstly protecting the -NH2 group and coupling to a protein after diazotization. 
This method is more complicated than the first, because the functional group is less 
reactive than the primary amino group, which must be protected and freed before and 
after conjugation respectively. 
4.2.2.1. Conjugation Through TheAliphatic Amino Group (1st Method): 
a) Immunogen Synthesis: 
The method was based on the procedure used for synthesis of sterigmatocystin-7-
decane,I,8, diaic acid chloride (Morgan et al. 1986). Ten mg of histamine (free base) 
was reacted with 24.8 III sebacoyl dichloride (3:2 ratio of histamine: sebacoyl dichloride) 
which was added in a sealed vial with I III pyridine. The mixture was left to react at 
120°C for I hr and excess sebacoyl dichloride was removed under vacuum overnight. 
Soluble product was taken up from the residue in dioxan (3x I ml v/v) and added 
dropwise with stirring to ice-cold BSA (40 mg in 3.0 rnl of 0.9% wt:vol) saline raised to 
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a pH of 9.0 with 0.1 M NaOH. The pH was maintained at between 8.0 and 10.0 during 
the addition and a further period of 4 hr at 4°C. The mixture was then left at 4°C for 15 
hr to complete the synthesis of histamine-protein conjugate. The conjugate was dialysed 
(in a dialysing bag, pore size: 12-14,000 daltons) for 4 days against distilled water at pH 
5.0 to remove small molecules from the solution inside the dialysing sac. The yield was 
32.8 mg after freeze drying overnight. Fig. 11 represents the conjugation of immunogen 
through the primary route. 
I 1 CHZ CH Z-NHZ (l) 
(3)HN N 
,,~ 
C (Z) 
histamine 
Cl CO (CHZ) 8COCI + pyridine 
sebacoy/ dichloride 
o 
" I-CHZCHz-NH-C-(CH Z)8COCI 
HN N 
,,~ 
C 
Pr. (BSA) + NaOH + NaCI 
o o 
" C - HN- Pr. " I 1- CHZ CHZ- NH- C-(CH z> 8-
HN N 
,,~ 
C 
Fig. 11: 1st Immunogen which was earned out by conjugating histamine through the 
aliphatic amino group and using sebaeoeyl diehloride as a bridging group. "Pr." 
represents protein. 
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Because histamine does not absorb V.V. light, it was not possible to check the success of 
the conjugation process. The conjugate was injected into two rabbits to raise polyclonal 
antibodies. The injected rabbits were called Y AFFLE and YELLOW. 
b) Coating conjugate synthesis (hapten-protein complex): 
Thirty mg keyhole limpet hemocyanin (KHLH) or Bovine thyroglobulin (BTG) was 
dissolved in one ml of distilled water. Conjugates with three different hapten densities 
were prepared in separate vials using three different amount of histamine: 6, 12 and 18 
mg respectively. After addition of 45 III of 25% glutaraldehyde solution to each vial, the 
mixture was stirred 3 hr at room temperature (the colour changed to a greenish -
yellow). Each mixture was added to the same amount of previously weighed protein in 
distilled water and was made up to 10 ml with 0.1 M, pH 7.3 phosphate buffer (2: 1 v/v 
ratio of buffer: dioxan). After stirring for 8 hr in the dark at room temperature it was 
dialysed for 24 hr and 2 ml of 2M ethalonamine added to the solution to reduce 
unreacted -CHO binding groups of glutaraldehyde. It was then dialysed again for 48 hr 
and freeze dried. Fig. 12 shows the chemical steps for the synthesis of coating 
conjugates through the 1st conjugation route of histamine (primary amine route), using 
two different proteins, KHLH and BTG. 
4.2.2.2. Second Conjugation Method Through the C-2 (Secondary Route) of 
Histamine (Diazotization Method): 
a) Immunogen Synthesis: 
Ist step; Protection of amino group of histamine with BOC-ON [(2-tert-
butoxycarbony1oxyim ino)-2-phenylacetonitrile l: 
Twenty two mg (0.1 moles) of histamine were dissolved in one ml distilled water and 
mixed with 54 mg (0.11 moles) BOC-ON in one ml acetone. 41.4111 triethylamine were 
added slowly to the mixed solution which was stirred at 45°C. It was then kept in a 
water bath with stirring at 45°C for 2 hr. 
2nd step; p-amino benzoic acid conversion to a diazo compound: 
The procedure was carried out according to Fleeker & Lovett (1985). 137 mg (0.2 
mmoles) of p-amino benzoic acid was dissolved in 4 ml 0.5N H2S04 by warming (about 
35-60°C). The solution was cooled in ice and while stirring, 130 mg (0.27 mmoles) of 
NaN02 in one ml distilled water was added over a 3 mins. Stirring was continued for 5 
mins. 
/ I CH2CH2-NH2 (1) 
(3) HN tN 
"C (2) 
histamine 
f- OHC-CHZ CHZ- CH2 - CHO 
gluteraldehyde 
H 
/ CH 2CH2- N : C- CH 2 CH2- CHO 
HN N 
"(/ 
f- Pr. (KHLH or BTG) 
H /- I CH2CH 2-N=C-CH 2 CH2-C:N-Pr. 
HN" ~N 
C 
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Fig. 12: 1st Coating conjugate which was carried out by conjugating histamine through 
the aliphatic amino group and using glutaraldhyde as a bridging group. "Pr." represents 
protein. 
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3rd step; Coupling of histamine-BOC-ON to the diazotized compound: 
The histamine-BOC-ON solution was added to the diazotized solution. The pH was 
adjusted to between 7-8 (-7.5 by a pH meter). It was then left about for 2 hr stirring at 
I-2°C. After that, the pH was adjusted to 3.5 to precipitate the solution (Mita et 
al.,1984) and the precipitate was collected by fIltering and dried in an oven. The yield 
was 118.1 mg. (20 mg of this compound was analysed by mass spectrophotometry to 
give a molecular weight of 359.4). The above compound (92.3 mg = 0.25 nmoles) was 
dissolved 3.5 ml of tetrahydrofuran to give a red colour. It was poured into the mixture 
of 52.98 mg N.N-Dicyclohexyl carbodiimide and 29.56 mg N-Hydroxysuccinimide (0.25 
nmoles each). The mixture was stirred for about 30 mins. After precipitation had 
occurred, the solution was fIltered and the container washed with tetrahydrofuran and 
the fIltrate was collected in a vial. Later, the solvent was evaporated under nitrogen gas. 
The residue was dissolved in 0.5 ml dimethylformamide to activate the bond for binding 
to protein (Gendloff et al., 1986). 
4th step; Conjugation of diazo-histamine-BOC-ON to protein (BSNthyroglobulin) by 
the activated ester method: 
BSA (20 mg) was dissolved in one ml of 0.13 M sodium bicarbonate. The diazo-
histamine in dimethylformamide was poured into BSA solution and stirred for 30 mins. 
It was then dialysed against distilled water for 24 hr in a dialysing bag (pore size: 12-14 
daltons) and one ml of this solution was transferred into another vial and freeze dried. 
This product was used to calculate hapten density. 
5th step; Freeing of amino group: 
The protection group was freed by trifluoroacetic acid (fFA) using a IM solution. The 
mixture was left for 8 hr stirring at room temperature, then dialysed 48 hr against 
distilled water. After dialysing, the solution was freeze dried. 
Immynization: 
The conjugated products were used to inununize two rabbits to produce polyclonal 
antibodies. Injections and bleeds were performed over 2 months. The rabbits were 
named CLARENCE and CUTHBERT. 
b) Coating conjugate synthesis: 
The same conjugation steps were followed as with the immunogen procedure except 
KHLH or BTG was used instead of BSA. Three different hapten densities were 
prepared after collecting the residue from the step 3 in 500 ~I dimethyiformamide, by 
transferring 300~1 for high, ISO ~I for medium and 50 ~I for low hapten densities into 
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separate vials. The conjugation step 4 with 20 mg protein in 2 ml of 0.13 M sodium 
bicarbonate was carried out with three hapten densities. Fig. 13 shows the chemical 
structure of second immunogen and coating conjugate. 
4.2.2.3. Labelling Histamine with an Enzyme: 
This method was carried out according to Tijssen and Kurstak (1984). 
1) Activation of enzyme: S mg of horse radish peroxidase (HRPO) was purified in O.S rnl 
of freshly prepared O.lM sodium bicarbonate in distilled water in a small tube. 
2) O.S rnl of 16 mM NaI04 was added to the HRPO stirring and left for 2 hr at room 
temperature in the dark. 
3) After dialysing the solution, one mg histamine was added and the solution was stirred 
for 3-4 hr at room temperature (or in a cold room for 8 hr). 
4) 2 ml of 2M ethanolamine was added to the solution and stirred overnight in a cold 
room (I-2°C) to reduce unwanted -CHO groups. 
S) The conjugate was dialysed, SO% strength glycerol added, and stored at -20°C. 
4.2.2.4. Determination of Hapten (Density) Protein Ratio: 
The method was carried out according to Kemp & Morgan (1986). This technique 
determines the presence of free amino groups of the protein by their reaction with 2,4,6-
trinitrobenzene sulfonic acid (TNBS) to give trinitrophenyl derivatives which can be 
measured spectrophotometrically. Because of the poor solubility of coating conjugates, 
only hapten density to protein (BSA) ratio of immunogen has been measured (to observe 
the amount of the protein was bound to histamine). One mg BSA dissolved in one ml of 
distilled water. A standard curve was prepared by adding loo-X III (X: 80, 60, 40, 20, 
and ° Ill) of BSA solution in duplicate wells of a blank microtitration plate. The volume 
was made up to 100 III in all wells with distilled water. Similarly, the same amount (Ilg) 
of immunogen with the same volume were added into duplicate wells of the same plate 
and the volume adjusted to 100 III in all wells as described above. 100 ~I of 0.1 % w:v 
TNBS in phosphate buffer (pH: 7.3) was added to both BSA and immunogen added 
wells. The plate was left at 37°C for 2 hr for the colour to develop. Absorbance was 
read at 40S nm by a plate reader. Because the second immunogen was coloured, it was 
difficult to read directly from the plate reader due to the orange colour caused by 
reaction of TNBS with the NH2 groups. Therefore, another set of duplicate standards 
was made with 2nd immunogen without addition of TNBS, using phosphate buffer only 
within the same plate. The absorption reading observed for this control was subtracted 
from the standard curve readings for the 2nd immunogen. 
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Fig. 13: 2nd Immunogen or coating conjugate which produced by the diazotized method. 
"Pr." represents protein which was BSA for immunogen, KHLH or BrG for coating 
conjugate. Conjugating steps are explained in the text. 
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4.2.2.5. ELISA Procedure: 
4.2.2.5.1. Coating the Microtitrate Plates: 
a) Calculation of less soluble coating conjugate: 
The coating conjugates with KHLH synthesized by both methods were difficult to 
dissolve in buffered phosphate saline and Tween (PBST) and other buffers, and distilled 
water (HPLC grade). Heating, sonicating and centrifugation did not help. The amount 
of dissolved matter was calculated by using V. V. absorption detection. The calculation 
was accepted as an approximate value since the results were not very reliable because 
V.V. detection problems occurred with this particular conjugate (KHLH-histamine) and 
histamine, as mentioned previously, does not have V.V. absorption. The V.V. 
spectrophotometer analysis showed in one case that approximately lO% of one ~g1ml of 
conjugate (1st method) was dissolved. Therefore, after centrifugation of conjugate in 
one ml of distilled water, it was filtered, further diluted and stirred several minutes. This 
process was assumed to give to each well an even coating. However, because it was 
expected for each batch to give slightly different coating concentration in dissolved 
matters, antibody binding was checked for each batch of coated plates before the assay 
proceeded. 
b) Conjugate coating: 
I) A varying amount (between 0.1 to 10 ~g1ml) of coating conjugate was dissolved in 1 
ml of coating buffer (Carbonate buffer, pH 9.6 or Tris buffer, pH 7.4 or Acetate buffer, 
pH 4.63) then less soluble conjugates with poor solubility was centrifuged for about 3-5 
mins, filtered and further diluted with 3 ml of coating buffer. 
2) After stirring for several minutes, 300 ~l of coating conjugate was added to the wells 
with a multichannel pipette. 
3) The plates were incubated either 3 hr at 37°C or more usually overnight at I-2°C. 
4) The plates were washed with distilled water three times and dried at room 
temperature for several hours. 
5) The plates coated with conjugated hapten were stored at room temperature in the 
dark. 
c) Antibody coating: 
For the direct ELISA procedure, plates were coated with antibody in carbonate buffer 
(pH 9.6). 
I) A variety of dilution between 1/500-1/5000 of antibody were prepared to coat plates 
for the titre and displacement experiments. 
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2) 200 jll were added to each well. 
3) The plates were incubated at I-2°C overnight. 
4) After washing the plates three times with distilled water, they were dried and stored at 
- 20°C. 
d) Blocking the plates: 
Some of the plates were coated again with several concentrations (0.1, I, 2 and 10%) of 
different proteins (BSA, KHLH, BTG, gelatine and milk powder as casein) to reduce 
non-specific antibody binding to the free (uncoated) binding sites of the plate. The same 
procedure was followed as in the coating conjugate procedure except that 200 III of 
protein solution were added to each plate and incubated between 1-2 hr at 37°C. 
4.2.2.5.2. ELISA Procedure for Antibody Binding (Titre): 
a) Antibody binding for conjugate coated plates: 
I) The coated plates with synthesized hapten-conjugate were washed three times with 
PBST (buffered phosphate saline and Tween) before use. 
2) Several antibody dilutions were prepared between 10-2 to 10-7 in I ml PBST. In 
some cases 200 Ill, and sometimes lOO III of antibody dilutions plus lOO III buffer were 
added to microtitration wells. Bleeds 4, 5, 6, 7 and 8 from all rabbits were screened 
against their homologous and heterologous haptens to select the best bleed. (i.e. 
immunogen was conjugated by the same route for homologous hapten of the coating 
conjugate unlike opposite for heterologous hapten ). 
3) They were incubated either at 37°C for 3 hr or overnight at I-2°C. 
4) After the wells were washed five times in PBST, 200 III of second antibody (anti-
rabbit immunoglobulin) was added to each well. 
5) The plates were then incubated either at 3rC for 2 hr or overnight at I-2°C. 
6) After washing the plates, 200 III of substrate (50% in buffer) was added to each well 
for colour development for 10-20 mins at 37°C. 
7) The absorption was read by a plate reader at 450 nm. 
b) Enzyme-labelled histamine binding to antibody coated plates: 
I) Serial dilutions (1/50, 1/100, 1/500 and 111000) of enzyme-labelled histamine solution 
were prepared. 
2) lOO jll of the above solutions were added to wells and made up to 200 III with PBST. 
3) After the plates were incubated overnight at I-2°C, they were washed five times with 
PBST. 
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4) Two hundred ~I of substrate were added to each well and incubated 10-20 mins at 
37°C. 
5) The absorption reading was read by a plate reader at 450 nm. 
4.2.2.5.3. Competitive ELISA: 
a) Indirect Competitive ELISA: 
1) The coated plates with synthesized hapten-conjugate were washed three times with 
PBST. 
2) Serial histamine concentrations varying between 10 pg to 1 mglml and an appropriate 
concentration of antibody chosen from the titration curve were prepared in PBST. In 
some cases, a varying amount (0.1, I, and 10%) of KHLH or BSA was added to the 
working solution (used for displacement experiment after coating) to inhibit the 
interference from protein binding during the assay. 
3) 100 ~ of each histamine and antibody solution were added to each wells. 
4) They were incubated either at 3rC for 3 hr or overnight at I-2°C. 
5) After the wells were washed five times in PBST, 200 ~ of second antibody was added 
to each well. 
6) The plates were then incubated either at 37"C for 2 hr or overnight at I_2°C. 
7) After washing the plates, 200 ~I of substrate were added to each well for colour 
development for 10-20 mins at 37°C. 
8) The absorption was read by a plate reader at 450 nm. 
b) Direct competitive ELISA: 
I) The antibody coated plates were washed three times with PBST before use. 
2) A varying serial dilution (0 pg to I mglml) of lOO ~I of histamine solutions was 
prepared and added to the plate. 
3) Hundred ~I of enzyme-labelled histamine solution (a range of dilutions of 1150 to 
1110000 was used) were added to each well. 
4) The plates were incubated overnight at I-2°C and washed five times with PBST. 
5) After addition of substrate, the plates were incubated for 10-20 mins at 3tC. 
6) The absorption reading was read by a plate reader at 450 nm. 
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4.2.3. ANALYSIS OF HISTAMINE AND HISTAMINE-LIKE AMINES IN FISH 
MEAL: 
Fish meal was provided from commercial production by companies mainly from the UK, 
one batch from Turkey and two batches from Chile. The type of fIsh used and the 
quality of the raw material for these commercially produced fish meals were not known. 
Therefore, fish meal was produced under laboratory conditions with known quality and 
type of fish, and tested for the presence of histamine. Samples were mainly triplicated, 
occasionally more than three replicates were carried out. Colorimetric method (Section. 
4.2.1.3.) was used for histamine analysis only, unless otherwise indicated. Analysis of 
histamine and histamine-like amines (putrescine, cadaverine, tyramine, spermidine and 
spermine) together were carried out by HPLC method (Section. 4.2.1.5.). The results 
shown as wet weight basis (WWB) since the moisture content was very low in fish meal 
and this did not have much effect on histamine level (about I mg %). 
4.2.4. PROCESSING EFFECTS ON HISTAMINE CONTENT AND 
FORMATION: 
4.2.4.1. Fish Meal Processing: 
The method was modified from the procedure used by Homer (1990), for fish meal 
processing under laboratory conditions. Firstly, if large sized fish were used, they were 
cut into small pieces. They were cooked in boiling water in a steam pan for 20-25 mins 
stirring occasionally and cooled for 10 mins without stirring. After cooling, the surface 
water was drawn off. The flesh and bones were packed into muslin bags for pressing for 
approximately 5 mins in a screw press. The resulting liquor is called" stickwater". 
Concentration of press liquor (developed by the author): 
Any particles of fish were screened out and returned to the press cake. To remove oil, 
the liquor was stored in a bucket between 0° to 4°C (in a cold store room) for few days, 
to form a gel-type solid where the oil concentrates on the top which is easily separated. 
The stickwater was concentrated to 1110 of its original volume with a climbing film 
evaporator (operating temperature: -80°C and vacuum pressure: 24 inches mercury) 
before drying on a roller dryer. 
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Dl;yjng: (developed by the author) 
If the concentrated stickwater was suitable for drying, it was returned to the press cake. 
If not, it was dried on a roller dryer at a steam pressure approximately of 2 bar and 
temperature 106°C or freeze dried. However, the best result (in terms of simplicity and 
acceptable end product) was obtained by freeze drying. 
The press cake was spread out thinly onto trays, placed under an air dryer (- 45°C) and 
turned repeatedly to prevent scorching. 
Grinding: 
The dried product was ground using a knife mill. The process was carried out by 
adjusting fineness, starting from I cm to I mm hole diameters. 
4.2.4.2. Experimental Trials: 
a) First trial: 
Eight kg of fresh mackerel were filleted. The fillets and left over fish offal from filleting 
were stored at room temperature on trays. They were left open for 18 hr (to 
contaminate fish with bacteria) and covered for up to 24 hr (to prevent heavy 
contamination) for further storage at the same temperature. They were processed 
according to the procedure given above. Sampling was carried out by taking different 
parts of the stored fillets and homogenising in a mixer (holding capacity -11 litres and 
mixing capacity -4.5 litres). Histamine, water activity and moisture content analyses 
were carried out just before processing, after cooking and after processing. The freeze 
drying procedure for drying stickwater was used to produce stickwater meal. The raw 
materials and the yield products were weighed for the total histamine calculation of 
results. 
b) Second trial: 
Ten kg of fresh mackerel was allowed to obviously spoil at room temperature for 2 days 
and divided into two separate batches. One was soaked in chilled water (-I-2°C) before 
processing. The other was processed without soaking in the water. Both batches were 
weighed before processing. The processing was carried out as described at Section 
4.2.4.1. The histamine level was measured before and after processing. The yield was 
also weighed in order to calculate the total histamine level accurately, so as to observe if 
any loss or formation (gain) occurred in histamine level during processing. 
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c) Third trial: 
The third trial was conducted because of the unexpected high histamine level found in 2 
days old fIsh which resulted in unreliable estimation in calculations. In this trial, fIsh meal 
was produced from I day old mackerel, (originally stored in open air at room 
temperature, c.20°C). Cod fIsh was used as a control for this experiment Processing 
conditions were as the same as in the fIrst trial. Histamine, moisture content, aw (as well 
as Total viable bacteria, histamine forming bacteria and coliform count for 
microbiological quality -see Section 4.2.7.) were analysed before processing, after 
pressing and after drying stages of fIsh meal production. The raw materials and the yield 
products were weighed, for the total amount of histamine calculation of results. 
4.2.5. STORAGE TRIALS: 
Two different storage trials were carried out to check timeltemperaturelhumidity effect 
on histamine formation and presence in fIsh meal. First trial was carried out with 
samples packed in polyethylene bags stored at different temperatures and second in open 
air with controlled humidity/temperature conditions. 
a) First Trial with Fish Meal Packed in Polyethylene Bags: 
Ten kg of commercial fIsh meal sample were divided into 4 groups and each group 
packed in polyethylene bags stored different temperatures (0, 20, 30 and 35°C) up to 14 
weeks. Histamine (mg/l00g), aw' and moisture content (%) were determined at the 
beginning of each week for up to 6th week excluding 4th week, then at the beginning of 
13th and 14th week. Relative humidity (RH) was not measured after samples were 
initially packed. 
b) Second Trial with Unpacked Fish Meal: 
This trial was divided into three series according to the temperature and humidities 
applied. Each series proceeded with samples from different batches and were stored 
open in relative humidity cabinets. Each sample was analysed for histamine, moisture 
content and aw at the beginning of each week unless stated differently. 
Series 1, was stored at 30°C and 80 % RH. 
Series 2, was stored at 25°C and 80 % RH. 
Series 3 was stored at 15°C and 70 % RH. 
The equilibrium relative humidities, or water activities (aw) were measured using a 
Novasina water activity meter. Five gram samples were used. Readings were taken at 
25°C ± 0.1 °C every 30 mins by which time equilibrium had been attained. 
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4.2.6. INVESTIGATION OF MOULD GROWTH AND PRESENCE OF 
MYCOTOXINS: 
4.2.6.1. Examination and Identification of Moulds: 
The procedure used was the "sellotape technique". Firstly a sellotape strip (about 4-5 
cm long) was pressed onto the colony. The strip was then pressed onto a clean 
microscope slide with a drop of Lactophenol Cotton Blue (LCB). Observation and 
identification were carried out according to the method of by Onions et ai., (1981). A 
parallel study was carried out with pure cultures of the common species for comparison. 
4.2.6.2. Analysis of Mycotoxins (Aflatoxins): 
The procedure used was that described by Ward and Morgan (1991). Sixty wells of a 
microtitrate plate were coated using coating buffer (see appendix 3) approximately 3oo 
~I per well. It was incubated at 4°C overnight and washed 3 times with water, then 
dried. The coated plates were stored in the dark and kept dried until used. (Maximum 
storage period in 6 months in this condition.) 
Sample extraction: Five g of sample in 50 ml of 50:50 acetonitrile:water was shaken for 
30 mins. After fIltration of extract with No: 1 Whatman paper, it was diluted 1/50 in 
PBST (Phosphate buffered saline + Tween, pH 7.4) 
An aflatoxin standard was prepared as 10 ~Vml in methanol. The blank used was PBST 
+ 0.1 % Bovine Serum Albumin (BSA) The plates were washed 3 times with PBST 
before use. Sample, standard and blank (I oo ~1 for each) were added per well as 
preparing 1110 dilutions with PBST + 0.1 % BSA. Antibody (10 ~l) was added to 8 ml 
of PBST + BSA buffer (2400 times dilution) and lOO ~I of this mixture was added to 
each well using a single channel pipetter. The plates were incubated either overnight at 4 
°C or 1 V. hr at 37°C. After being washed and dried, 200 ~I of 111000 dilution of anti-rat 
antibody, which was produced at the IFR, Norwich Laboratory, was added to each well. 
Incubation was for 3 hr at 37°C, and followed by washing 5 times with PBST and 
drying. 
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Two hundred Jll of substrate (50% of each different substrate) were added per well and 
incubated at 37"C for at least 5 mins or more depending on the speed of colour 
development. The colour was stabilized with 200 Jll of 2 M Sulphuric acid and read on a 
plate reader. 
4.2.7. INVESTIGA TION OF BACTERIOLOGICAL QUALITY DURING FISH 
MEAL PRODUCTION: 
Total Viable Count (TVC), Histamine Forming Bacteria count (HFB) and Coliform 
count were carried out before during and after processing, and storage except coliform 
count, in order to observe total bacteriological quality, the presence of histamine forming 
bacteria and the risk of contamination with coliform bacteria at the certain stages of fIsh 
meal production. 
The media used for bacteria count were Plate Count Agar for TVC, ModifIed Niven's 
Medium for HFB, and Violet Red Bile Glucose Agar (VRBGA) for Coliform count. 
The fIsh or fIsh meal samples were taken homogeneously and under sterile conditions. 
They were collected in a sterile polyethylene stomacher bag and stomached for 1-2 mins 
in 90 mI of sterile Ringer solution for TVC and HFB, and Buffered Peptone Water 
(BPW) for coliform count. Duplicate serial dilutions were carried out from 10-1 to 10-8 
for each group of bacteria. Each dilution was inoculated onto triplicated plates by the 
spread-plating technique. The TVC plates were incubated at 20°C for 2 days, for HFB 
at 35°C for 24 hr and for coliform bacteria at 32°C for 48 hr 
The experimental plan for TVC, HFB and Coliform count were carried out according to 
the second trial (done with mackerel and cod) of Section 4.2.4.2. Bacterial counts were 
performed as follows: 
I. After fish taken from ice, 
2. Before putting fish into the steam pan for cooking, 
3. Just after pressing the cooked solids collected from the steam cooking pan while still 
hot, 
4. After processing (drying and milling) of the solids, 
5. After freeze-dying of the stickwater. 
A second bacteria count (TVC and HFB) trial was carried out during three weeks 
storage at room temperature at the beginning of each week. 
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4.2.8. SALMONELLA ANALYSIS: 
4.2.8.1. Sampling Plan: 
Sampling was carried out from commercial factories in a sterile polyethylene bags under 
sterile conditions and kept in a cold store (at I-2°C) until analysed. Sampling was also 
carried out similarly from fIsh meals produced under laboratory conditions. Usually 
triplicated sampling was performed from each batch. Samples used for Salmonella 
analysis were from either freshly processed or aged batches between I week to 1 year 
old. Commercial samples used were from England, Shetland, Chile and Turkey. 
4.2.8.2. Traditional (Conventional) Method: 
This method is a standard method carried out as reported in IMCSF (1982). The broths 
and media were prepared according to the manufacturer's instructions. 
a) Pre-enriChment: Twenty fIve grams of fIsh meal sample was inoculated into either 
lactose or nutrient broth or buffered peptone water, and incubated at 37°C for 19 hr. 
b) Enrichment: One mI of pre-enricbment culture was inoculated into Rappaport 
Vassiliadis broth incubated at 41.5°C and tetrathionate broth incubated at 3rC for 24 
hr. 
c) Selective elective enrichment: A loopful of enriched sample was inoculated onto XLD, 
BOA, BiSA and MLCB agar and incubated at 37°C for 18-24 hr. 
d) PurifIcation: Suspected Salmonella positive colonies were further inoculated into 
again XLD, BOA, BiSA and MLCB agar for purifIcation. Inoculation was carried out 
onto type of plate of originated colony. PurifIed colonies were streaked out onto 
MacConkey or Nutrient Agar and incubated at 37°C for 24 hr. 
e) Identification of Salmonella: The suspect colonies were identifIed fIrstly serologically 
using polyvalent 0 and H antisera, and secondly with biochemical methods using 
traditional biochemical tests such as Triple Sugar Iron Agar, Lysine Iron Agar and the 
Api 20E method. The Api 20E technique was used according to the manufacturer's 
instructions. 
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f) Interpretation of the Results: 
Presumptive Positives: For BiSA, the plates showing black, green or clear and mucoid 
colonies after 18 hr and uniformly black colonies after 48 hr, often with widespread 
staining of the medium a pronounced metallic sheen were considered as positive. For 
BOA, red-pink-white opaque coloured colonies surrounded by brilliant red zones in the 
media, for MCLB, large purple-black (due to Hydrogen sulphide production) or mauve-
grey colonies with may be a central black 'bulls-eye' colonies and with XLD media, red 
colonies may be with black centres were accepted as presumptive positives. 
g) Confinuation of Presumptive Positives by Serological Test: 
Positive agglutination observed with either or both polyvalent 0 and H antisera. 
h) Confinuation of Presumptive Positives by Biochemical Tests: 
The following change in colour observed in the media used was considered as positive 
confirmation. An alkaline reaction (purple colour) throughout the medium with may be 
an intense blackening observed with Lysine Iron Agar (LIA). Acid (yellow colour) and 
gas formation in the butt and either no change or alkaline (red colour) reaction with the 
slope of the medium, with or without black colour (due to hydrogen sulphide 
production) with Triple Sugar Iron Agar (TSIA). The results for both LIA and TSIA 
can be interpreted as presumptive positives, but they also require a final Salmonella 
positive confirmation if in doubt by the Api 20E results. The results of the Api 20E were 
interpreted according to the manufacturer's instructions and the reference list provided. 
4.2.8.3. Oxoid's Salmonella Rapid Method: 
Firstly, 25 g of fish meal were inoculated in 225 ml of buffered peptone water and 
incubated overnight (-18 hr). Secondly, after rehydrating elective medium in the culture 
vessels in sterile distilled water, a specially formulated Salmnnella elective medium 
(SRTEM- Oxoid, Code No. 857) was added to the culture vessel, plus a disc containing 
novabiocin. After adding 1 ml of a pre-enrichment culture of a sample, the vessel was 
incubated for 24 hr at 41°C (+ _0.5°C). Then, the medium in the upper compartment of 
each tube was examined for a colour change indicative of the presence of salmonellas. 
Any such positive tubes are further tested for salmonellas using the Oxoid Salmonella 
Latex Test (Oxoid Code No. FT 203) by testing a loopful of culture from the top of a 
tube showing a positive colour change. Final confirmation was done by use of traditional 
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biochemical and serological tests. Detailed infonnation concerning the culture vessels is 
provided in the "User Guide" which accompanies each Oxoid test kit 
4.2.8.4. The Path-Stick Salmonella Assay: 
Fish meal (25 g) was pre-enriched in 225 ml of BPW. After incubating overnight at 
37°C, 0.1 ml of this pre-enriched broth was transferred into 10 ml of RVB and incubated 
overnight at 42°C. Then, 1 ml of selective enrichment broth was transferred into 10 ml 
of BPW in bottles. After incubating for 6-8 hr at 37°C, Salmonella Path-Stick Test was 
carried out using 0.6 ml of sample following the manufacturer's instructions. Results 
were interpreted visual inspection of the dip-stick membrane with two visible lines; 
indicating presence of Salmonella in the sample and one visible line indicating absence of 
the pathogen. 
This method was evaluated against traditional methods. If samples gave positive results 
with the traditional technique but showed negative with the Path-Stick assay, they were 
enriched again overnight at 37°C after post-enrichment and plated out from same post-
enrichment bottles onto XLD and BGA for confinnation in the conventional way. 
Protocol I (described in the manufacturer's guide) was also tried with a few samples. 
Salmonella spiked samples using Salmonella pure cultures from the pre-enrichment step 
were also used. Some tests were carried out with approximately known numbers of pure 
culture cells, which were enumerated by the PCA technique. 
4.2.8.5. Enzyme Linked Immunosorbent Assay for Salmonella: 
The procedure was used as described in Lee et al. (1990). The antibodies and 
anti-globulins, Salmonella coated microtitrate plates were used. Nonnally, the coated 
plates were washed 3 times with distilled water before use. Other washings during the 
experiment were carried out using PBST (Phosphate Buffered Saline Tween, see 
Appendix 3). SCDM (Salmonella Chemically Defmed Medium, see Appendix 2) was 
prepared as described in the above paper. The experimental procedure was as follows: 
a) Twenty five g sample in 250 ml SCDM (10 g in 90 ml for spiked samples) was 
incubated at 37°C for 18 hr. 5 x I ml of the incubated sample were used in the 
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conventional Salmonella test for comparison with the ELISA. 10 ml of the sample was 
pasteurised at 60°C for 30 mins in a water bath for ELlS A procedure. 
b) The plates coated with polyclonal antibodies were washed and dried. 
c) 150 ~I of cell cultures (known positive and negative Salmonella and blank in SCDM) 
and samples were added to the plates, and incubated 2 hr at 37°C. 
d) After washing and drying the plates, 200 ~I of monoclonal antibody cocktail 
(produced at IFR, Norwich Laboratory) were added to the plates and incubated I hr at 
37°C. 
e) The plates were washed and dried again and 200 ~I of anti-mouse IgG 
(Immunoglobulin) horse radish peroxidase (HRP) in 112000 dilution in buffer were 
added, and incubated at 37°C for I hr. 
f) After washing and drying the plates, 200 ~I substrate (Cambridge Life Sciences) were 
added, and incubated for 5 mins at the previous temperatures. 
g) When sufficient colour (blue) had developed, 200 ~I of 2 M sulphuric acid was added 
and the colour densities were read on a plate reader at 450 nm (Multiskan MCC). 
h) Salmonella was identified from the readings of samples compared to standards and 
blank. 
4.2.9. DETECTION OF E.coli 0157:H7: 
4.2.9.1. Traditional Procedure: 
1. Fish meal (25 g) sample was inoculated into 225 ml of pre-enrichment broth (Tryptone 
Soya Broth-TSB) and incubated overnight at 37°C. 
2. One ml of pre-enriched broth was added to 4 x 10 ml of enrichment broths [Lauryl 
Bile Broth (LBB) and Brilliant Green Broth (BGB)] including Durham tubes and 
incubated overnight at 37°C. 
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3. After observing the presence of gas in Durham tubes, a loopful of enrichment broth 
from gas-positive tubes was streaked out to Sorbitol MacConkey Agar plates (SMA) and 
incubated for exactly 24 hr (since the colourless colonies change to similar colour with 
other serotypes of E. coli if incubated more than 24 hr ) at 37"C. 
4. The colourless colonies observed in SMA were plated to Eosin Methylene Blue Agar 
(EMBA) and incubated for 24 hr at 37°C to observe any typical colonies with a greenish 
metallic sheen by reflected light and dark purple centres by transmitted light for E. coli 
since some other non-E. coli 0157:H7 bacteria could give colourless colonies with SMA 
but not produce typical E. coli colonies in EMBA. 
5. Finally, colonies giving positive results with EMBA were confirmed by Oxoid's E. coli 
0157:H71atex test. 
4.2.9.2. Immunoassay Dip-Stick Method (Lumac Co.) 
After step 2 in the traditional procedure, 0.6 ml of each enriched broth was used to 
detect E. coli 0157:H7 according to the manufacturer's guidelines, which were the same 
as in the Lumac Salmnnella Rapid Test. Since this method is still at the development 
stage by Lumac Ltd., a second detection was carried out after incubating tubes with 
enrichment broths for a second day. Two spiked samples were used by inoculating E. 
coli 0157:H7 (55 cful2S g) into a pre-enrichment broth containing sample. The 
interpretation of results was carried out by observing a single band on the Lumac's dip-
sticks for positive results, and no band observation for negative results. 
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5. RESULTS: 
5.1. HISTAMINE ANALYSIS: 
The aim of this work was to evaluate and if necessary to modify the current analytical 
methods used for histamine analysis. 
5.1.1. COLORIMETRIC METHOD: 
The original colorimetric method worked well when used for the analysis of histamine in 
fish flesh, except that the solution temperature of ooe caused condensation on the 
outside of the spectrophotometer glass cells which interfered with the absorption 
reading. This condensation problem was solved by dipping the cell (containing solution 
to be measured) in a warm water bath at 50-60oe for about 1-3 seconds, drying with 
paper towel and reading. 
The recoveries of histamine from fish flesh were calculated as; 
(actual value I theoretical value) x 100. The results are shown in Table. 23. 
Table. 23: Recoveries with spiked cod fish flesh (20 mg/20 g) for analysis of histamine 
using unmodified colorimetric method. 
Sample No Recovery % Aliquot used for column (ml) 
1 66.8 15 
2 87.2 25 
3 87.3 30 
4 77.7 40 
5 74.0 50 
Mean 78.58 (8.81). 
Parentheses represent SD (cr n-l) of replicates. 
Unspiked cod samples (with 20 mg of 20 g sample) showed no absorption readings for 
histamine. It can be seen from the above table that increasing the aliquot size added to 
the column appeared to increase the recovery of histamine up to 25-30 m! of aliquot but 
higher amounts decreased recovery. 
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In the original colorimetric method the collection of histamine is carried out with 25 ml 
of O.2M HCI (as also reported by Baronowski, 1985 and used in this thesis, see Section. 
4.2.1.1.). However, the adequacy of the HCI volume used for histamine from the 
column was doubted. Therefore the effectiveness of 25 ml of O.2M HCI for histamine 
assay was tested by repeating with varying volumes (5-25 ml) of HCI after the first 
collection. The subsequent collections indicated an absence of histamine. Therefore, it 
was concluded that 25 ml of HCI was sufficient to collect histamine from the column 
which confirms the amount used in the original colorimetric method (Section. 4.2.1.1.). 
Two major problems occurred when the colorimetric method was applied to fish meal 
samples. These were; 
a) Filterinc Problems: The sample after homogenisation did not ftIter easily and took 15-
24 hr with Whatman No.4 paper. 
b) Column Problems: The sample did not run easily through the column, taking more 
than 6 hr per sample for a 25 rnl of aliquot to completely run through (usually left 
overnight). This was due to a gel-like suspension or flocculent precipitation. Therefore, 
several modifications were applied to solve these problems as well as applying other 
modifications to simplify the method described as follows. 
5.1.2. THE MODIFICATION OF COLORIMETRIC METHOD: 
Because of the problems that occurred with the original colorimetric method as 
explained above (Section 5.1.1.) the following modifications were applied: 
5.1.2.1. Filtration: 
(See Section. 4.2.1.2.1 and 4.2.1.2.2. for methodology). Vacuum filtration was used, but 
was found unsuitable, however, centrifugation at 1,666 g helped to filter the extract 
more easily. However, this speed was not sufficient to solve the column separation 
problem. Therefore, the centrifugal force was increased as explained below. 
5.1.2.2. Column Separation: 
Nine different tests were carried out and the same batch of well mixed fish meal sample 
was used during tests 1-7 which are shown below. (For further details of these tests see 
Section. 4.2.1.2.2). 
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Test 1: 20 g of sample with 200 ml TCA, centrifuged at 1,666 g about 20 mins and 
filtered. 25 ml of neutrilized aliquot used for column. 
Test 2: 5 g of sample with 200 ml TCA, twice centrifugation (at 1,666 g and at 23,000 g 
for 20 mins each). 75 ml of neutralised aliquot was used for column. 
Test 3: 20 g of sample with 200 ml TCA, centrifuged at 23,000 g for 20 mins, filtered, 
150 ml TCA added and centrifuged again at the same speed and time. 75 ml of aliquot 
was used for the column. 
Test 4: 20 g of sample with 200 ml TCA, centrifuged at 23,000 g for 20 mins then to 10 
ml of the first filtrate 100 ml TCA was added, centrifuged again at the same speed and 
time and 75 ml was used for the column separation. 
Test 5: 20 g of sample with 200 ml TCA, centrifuged twice at 23,000 g for 20 mins each 
time and 25 ml was used for the column separation. 
Test 6: Same procedure was used as in test 5 except one centrifugation was carried out. 
Test 7: Same procedure was used as in test 6 except the aliquot was filtered after 
neutralisation. 
The results of 7 column separation tests are shown in Table 24. All the samples filtered 
easily after each test. Test 7 gave the best result in solving the problem encountered and 
only took between 5 and 10 mins to run through the column. This duration can be 
reduced according to the type of samples from different batches containing varying 
amount of bones. 
Filtration of the extraction solution after neutralization was found to give the best result. 
The technique was further modified by reducing centrifugation to 15 mins at 23,000 g at 
-15°C in order to analyse more samples in a shorter time. Although the suggested time 
(15 min) and the speed (23,000 g) of the centrifuge could be further reduced, this had the 
effect of increasing the filtration time of the extract. 
Test 8) Chemical Test: 
IM CaC03 solution was adjusted to pH 7 or above (pH 7 to 11) by adding KOH at 
different concentrations (0.1 and 1 N) to compare the appearance to the sample solution 
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after neutralisation (See Section 4.2.1.2. Test 8). This gave the same appearance 
(suspension and flocculent precipitation) obtained during neutralization of fIsh meal 
extract with KOH just before running through the column. The reaction was reversible. 
by adjusting the pH to the acidic condition (below 5) with either TCA or HC!. It was 
assumed that calcium ions from bones in the solution interfere with the method. probably 
due to the reaction of calcium ions with hydroxide ions resulting in precipitation of 
calcium hydroxide. This experiment suggests that the problems encountered Section 
5.1.1 are due to the formation of calcium hydroxide. The presence of bones in the fIsh 
meal samples is a possible source of calcium and it was decided to determine whether the 
bones in fIsh meal caused the problem or not as described below. 
Table. 24: Test results (1-7) used to solve the column separation problem. 
Test Aliquot Appearance Appearance of Column running time 
No. used for of fIltrate neutralised aliquot 
column (ml) 
1 25 very cloudy heavy suspension -1 day 
and precipitation 
2 75 vcry clear suspension and -7 hr * 
precipitation 
3 75 clear suspension - 3 hr 
4 75 clear suspension 1 hr and 45 mins 
5 25 clear suspension 135 mins -3 hr for 3 out of 
7 samples. more than 3 hr 
for 4 out of7 samples 
6 25 clear suspension more than 3 hr 
7 25 clear very clear after 5-lOmins 
fIltration 
* with the help o/vacuum during last hour. Tests 1. 2, 3, 4 and 6 were triplicated. Tests 
5 and 7 were peiformed 7 times. 
Test 9) Investigating the effect of the type of raw material used in fish meal 
production on the colorimetric method and its modification: 
Four different types of fIsh meal were produced and tested separately for the effect of the 
presence of bones in the product on the problems occurring in colorimetric method for 
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histamine analysis (See Section. 5.1.1. for Ihe problems and Section. 4.2.1.2.2. Test 9 for 
the meIhodology). 
The batches used in this test were specified (grouped) according to the presence of 
bones, head and guts. The results were as follows; 
Batch (a) produced from whole fish including flesh, bones and guts showed difficulty in 
filtration and slow running through column. 
Batch (b), produced from the bony parts of fish caused more problems than batch (a). 
Batch (c), produced from fish guts and heads gave less problems Ihan (a) and (b). 
No problem occurred with Ihe samples from batch (d), produced from fish flesh wiIhout 
bones, and very quick filtration and column separation occurred. 
Therefore, it may be concluded Ihat Ihe presence of bones (probably because of Ihe 
presence of calcium) in ftsh meal creates problems during analysis of histamine in Ihis 
product. The modification explained above for Ihe colorimetric method was necessary 
for histamine analysis in fish meal since the product always contains bones and Ihis may 
have significance in quality control. 
5.1.2.3. Investigating the Effect of Different TCA Concentrations on Histamine 
Extraction: 
The original concentration of TCA for histamine extraction procedure in the colorimetric 
method is 2.5%. Some auIhors report using above Ihis concentration in different 
histamine analysis meIhods. Parry (1989) used 5% TCA to extract histamine in an 
HPLC meIhod, and Code and Mclntire (1956) advised using 5 to 10% TCA 
concentration to extract histamine from biological fluids and tissues since its presence 
ensures a low pH in which histamine is stable. However, others used 2.5% TCA to 
extract histamine from fish flesh (Hardy and Smith, 1976; and Ah-Weng, 1988). It was 
suspected Ihat 2.5% of TCA concentration was not sufficient enough to extract 
histamine from certain foods including fish meal samples. Therefore, several 
concentrations (% w/v) of TCA were used to extract histamine from foods to test Ihe 
effect. The concentrations were 2.5, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0, 12.0% (w/v). For 
details of the experimental procedure see Sections. 4.2.1.2.3 and 4.2.1.3. 
Tables 25, which is a representative of numerous tests conducted and 26 show Ihat Ihere 
was no significant difference in using different concentration of TCA to extract histamine 
from fish meal samples. Standard deviation calculations showed Ihat % of TCA did not 
increase the histamine extraction. 
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Table. 25: An example of absorption reading for various Uials conducted for testing the 
effect of varying TCA concentration on histamine extraction. 
Sample No 
%TCA I 2 3 Mean (SD) 
2.5 0.458 0.529 0.463 0.483 (0.09) 
3.0 0.485 0.527 0.454 0.488 (0.03) 
4.0 0.641 0.431 0.451 0.507 (0.11) 
5.0 0.488 0.578 0.500 0.522 (0.05) 
6.0 0.457 0.467 0.462 0.462 (0.005) 
8.0 0.501 0.459 0.480 0.480 (0.02) 
10.0 0.420 0.436 0.420 0.425 (0.01) 
12.0 0.426 0.430 0.440 0.432 (0.01) 
Each points represents the means of duplicated readings. SD represents standard 
deviations of triplicated readings. 
Table. 26: Statistical analysis of Table 25. 
Anova: Two-Factor Without Replication 
SUmmLlr. Count Sum AveraJ.'e Variance 
Row 1 3 1.45 0.483333 0.00157 
Row 2 3 1.466 0.488667 0.001342 
Row 3 3 1.523 0.507667 0.013433 
Row 4 3 1.566 0.522 0.002388 
Row 5 3 1.386 0.462 2.5E-05 
Row 6 3 1.44 0.48 0.000441 
Row 7 3 1.276 0.425333 8.53E-05 
Row 8 3 1.296 0.432 5.2E-05 
Column 1 8 3.876 0.4845 0.004831 
"'olumn 2 8 3.857 0.482125 0.003089 
Column 3 8 3.67 0.45875 0.000588 
ANOVA 
Source OJ SS cl; MS F- P-value F cri 
variatIOn 
Rows 0.024126 7 0.003447 1.361725 0.29433 2.764196 
"'olumns 0.00324 2 0.00162 0.640105 0.54199 3.73889 
Error 0.035434 14 0.002531 
Total 0.062801 23 
*Anova=Analyticalofvariance 
(Analysis of Variance which was carried out at the EXCEL computer statistical program 
by MICROSOFT Corporation, 1992, FO.05). 
Where SS= Sums of Square 
df= degrees of freedom 
MS = Means of Square (Variance of estimation) 
F critical = FO.OS 
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Table 26 shows that there was no significant differences between extraction treatments 
carried out with different TeA concentrations according to the statistical analysis carried 
out for the detected absorption readings since the F values were below the F critical 
values. The following statistical analysis was carried out in the same way as above. 
Therefore, because of the lower toxicity of 2.5% TeA it is more suitable (and more 
economic) to use 2.S% of TeA to extract histamine. 
5.1.2.4. Investigating the Effect of Reduced Sample Weight and TeA Volume in 
Histamine Analysis: 
The aim of this experiment was to show that more sample could be analysed by reducing 
the weight of sample pro rata to the volume of TeA solution used in the normal 
procedure. This is because 20 g sample in 200 mI TeA as used by other workers (A1-
Kasadi, 1984 and Ah-Weng, 1988) requires more space and time when it comes to 
centrifugation and filtering than if reduced amounts were used and this increases the 
analysis time. 
The following procedure and treatment were carried out and three series were prepared 
from the same batch as follows: 
a) 20 g of fish meal sample with 200 mI2.S% TeA 
b) 10 g of fish meal sample with 100 mI2.5% TeA 
c) S g of fish meal sample with SO mI2.S% TeA 
The colorimetric procedure modified so far was applied to this procedure: 
Mter centrifugation and filtration of samples 4 ml of KOH was added to 30 mI of filtered 
extract to precipitate calcium and adjusted to pH 7 with 1M KOH. It was then filtered 
to provide a clear solution. 
Fig. 14 shows the standard curve for the absorption readings of standards. The 
regression analysis for the standard curve gave the following relationship: 
ly=o.0102X+O.0178 
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Fig. 14: Calibration curve for the standards. 
The histamine concentration was calculated from the absorption reading from the above 
formula (X=Y-0.178/0.0102) after subtracting absorption reading of TCA values from 
sample values which were transformed to Ilg of histamine and represented as mg/loo g 
of histamine in Table 27. 
Table. 27: Histamine levels mg/loo g in final calculated series. 
Histamine (mg/1oo g) 
Series No/Sample No 1 2 3 Mean 
5g 44.38 4l.82 42.15 42.78 (1.39) 
109 44.89 46.18 42.48 44.52 (1.87) 
20 g 45.79 42.38 44.83 44.33 (1.75) 
Parenthesised data represent SD of triplicated de terminations . 
. Two-way anova statistical test was carried out on the results to analyse the significant 
difference between the different sample sizes and the numbers of sample used. Statistical 
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analysis (See Appendix 4) showed that there were no significant differences in histamine 
levels detected when using reduced amounts of sample or TCA for extraction. Because 
the reduction in volume and the sample weight were carried out pro rata there was no 
significant difference in the amount of histamine between three different series when the 
results were calculated in mg/100 g as can be seen from Table 27. 
5.1.2.5. Simplifying The Moisture Content Procedure For Fish Meal Samples: 
The colorimetric method for histamine analysis requires also moisture content 
determination as can be seen from the calculation in Section. 4.2.1.1 The EEC 
recommended oven drying method for moisture determination (See Section 4.2.1.1.g) 
involves sand and alcohol treatment which is time consuming. Using sand and alcohol 
increases the heat transfer homogeneously within the fish flesh sample. However, fish 
meal has a powder-like consistency which would allow the samples to dry evenly and 
easily. Therefore it was aimed to omit the sand and alcohol treatment from the original 
method to save time and cost. The modification procedure has been mentioned in 
Section 4.2.1.2.5. 
The moisture content results (%M) of both series with and without sand treatment are 
shown in Table 28. 
Table. 28: Moisture content (%) results of two series which were with or without sand 
and alcohol treatment. 
Series: 
S+S+D1 
S+Dl 
S+S+D2 
S+D2 
Moisture content (%) 
Mean: 
5.89 (0.636) for 12 replicates 
5.74 (0.095) for 12 replicates 
5.74 (0.260) for 10 replicates 
5.70 (0.178) for 8 replicates 
Sample + Sand + Dish (S+S+Dl)= original procedure. Sample + Dish (S+D1)= 
Modified procedure. Figures in parentheses represent the SD a/the replicates. 
Statistical information (See Appendix. 4) showed that there were no significant 
differences between two different series using both the original or modified method for 
moisture determination in fish meal. In fact, they were reproducible as shown in the 
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above Iable with repeated results (D2). Also the coefficient of variance for the modified 
procedure was betJer (0.009) than the original procedure (0.404). This was assumed to 
be because of losses which may occur by stirring with glass rods in the original method. 
UnfortunaJely, the original method is necessary for deJermination of moisture conJent in 
fish flesh since uniform Jemperature is needed. Fish meal samples do not require this 
treatment because of their powder-like nature. 
5.1.3. MODIFIED COLORIMETRIC METHOD: 
The fmal modified procedure found was suiIable for fish meal and other bony fish 
samples in analysing hisIamine. The modification procedures are given in Section. 
4.2.1.2 and results of the modifications are explained in Section. 5.1.2. The fmal 
modification is presented in Section 4.2.1.3. since this method was used for further 
experimental procedures for hisIamine analysis. 
Recovery Jests were carried out using 20 mg of hisIamine spiked into 20 g of fish and 
fish meal samples to assess the effectiveness of the method. The recovery Jests results of 
the modified colorimetric method are shown below in Table 29. 
Table. 29: Recovery Jests for the modified colorimetric method with spiked fish meal 
samples (20 mg/20 g). 
Sample Condition* Rec6very % AliQuot (ml) 
I fIlJered 90.0 15 
2 non-fIlJered 86.0 20 
3 filtered 73.0 10 
Mean 83.0 (8.88) 
*of aliquot before running through the column for separation. The parenthesis 
represents SD of triplicated results. 
The same effect was observed with the recovery Jest carried out with cod fish. The 
recovery was higher at the optimum aliquot used for column treatment 
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5.1.4. THIN LAYER CHROMATOGRAPHY METHOD: 
The TLC method also was suitable for the analysis of histamine in fish or fish meal 
samples. However for accurate quantitative results a TLC spotter, syringe, densitometer 
and specially coated (commercially available) TLC plates were needed. The only 
modification carried out for fish meal sample was to wait until the solvent covered the 
whole plate because the spots for histamine were very close to other amines present in 
fish meal. The recovery of TLC procedures was very effective as shown below in Table 
30 from fish and fish meal using 20 mg histaminel20 g of sample. 
Table. 30: Recovery tests (which are carried out with samples spiked with histamine) for 
TLC method for histamine analysis. 
Sample No: Recovery % 
I (fish meal) 103.5 
2 " 105.0 
3 " 100.9 
4 " 101.6 
5 " 95.0 
6 " 101.2 
7 " 99.9 
8 " 108.6 
Mean Value: 101.9 (3.96) 
9 (cod flesh) 70.0 
10 " 80.0 
11 " 85.0 
Mean Value: 78.3 (7.63) 
Figures in parentheses represents SD. 
The recovery of histamine was higher by the TLC method with fish meal (101.9%) than 
with fresh cod fish (78.3%). The higher recovery with fish meal compared to cod was 
possibly due to false recovery because fish meal used already contained histamine, unlike 
unspiked cod flesh which did not contain any, or because of background effect from the 
TLC plates caused by the developing agent. Therefore it seems that recovery tests with 
cod fish represent true results for TLC method for histamine analysis. The recovery was 
about the same with colorimetric method. 
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5.1.5. HIGH PERFORMANCE LIQUID CHROMATOGRAPHY METHOD 
(HPLC): 
The given HPLC method procedure (Parry, 1989·1990) gave problems, when using 
excess dansyl chloride, due to a large peak which blanked out the others. Later, this 
problem was overcome by reducing the attenuation and avoiding reading for the first 3-5 
mins when the excess reagent peaks are eluted. The procedures for solvent mixture and 
addition time were also slightly altered to prevent the chance of gas formation when 
100% of methanol and 100% of distilled water were mixed for the first time. The 
modification was done by making up 50% of distilled water with methanol, then 
following the elution regime began below; 
time from 
injection (min) 
0.0 
7.0 
11.5 
19.0 
% methanol 
000%) 
40 
60 
lOO 
lOO 
%w~ 
(50% mixed with methanol initially) 
60 
40 
o 
o 
The order of retention times of amines detected was as follows: 
Putrescine-Cadaverine-Histamine-Tyramine-Spermidine-Spermine which were according 
to their molecular size and weight. Rosier and Van Peteghem (1988) also reported that 
the elution takes place in this order. 
The actual running time of one sample analysis was completed in 21 mins (see Fig. 14). 
The retention times for each amine varied slightly when repeated on different days and 
considerably if the experiment was carried out with a different HPLC equipment. 
Therefore, a mixture of standards was required to be analysed each day the experiment 
was performed. 
Overall, the results showed that of the three methods used, colorimetric, TLC and HPLC 
proved most useful in terms of ease of use and interpretation of results, although there 
were some drawbacks with these methods. 
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Fig. l4b.50me examples of HPLC chromatograms observed for histamine and histamine-
like amines. (a) represents an example of a mixed standard chromatography carried out 
at Humberside, Grimsby Laboratory, (b) represents an example carried out in Norwich 
Laboratory . 
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5.2. DEVELOPING AN ELISA PROCEDURE FOR HISTAMINE ANALYSIS: 
As mentioned in Section. 2.2.5 immunoassays have many advantages over other 
analytical methods in application to many chemical compounds and microorganisms, and 
also in meeting current needs for a simpler, more specific, cheaper yet more reliable 
method than current methods for histamine analysis, by fish meal companies and other 
sectors of the food industry. It was thus decided to develop an ELSIA for histamine 
analysis to meet this need. 
As also mentioned in Section 2.2.6. and 4.2.2. a small number of other workers have 
already tried this approach, but some drawbacks were encountered. In this study an 
attempt was made to raise an antibody by using two different conjugation routes. The 
first method was to try to use the Mita et al. (1984) procedure with a slight modification 
as explained detailed in Section. 4.2.2. The second method followed the method of 
Morgan et al. (1986), wltich originally was developed for Sterigmatosistin. A different 
ELISA format was used to try to increase the sensitivity of the assay. 
5.2.1. MEASUREMENT OF HAPTEN: PROTEIN RATIO: 
This section was carried out in order to check the amount of protein bound to histamine 
by measuring free amino groups of lysine per BSA molecule. This enables calculation of 
the bound lysine residues wltich are coupled to histamine. Therefore, the percentage of 
the result would show whether or not the conjugation process was carried out 
successfully. As can be seen from Fig. 16, the standard curves obtained with BSA and 
BSA-histamine (1st and 2nd immunogen) are not identical. There was a reduction in the 
number of free amino groups of lysine molecules (of BSA) available for coupling to the 
hapten on BSA-histamine conjugates. There are 59 lysine residues per BSA molecule 
(Brown, 1975). The bound lysine residues can be calculated from the equivalent mass of 
BSA-histaminelmass of BSA from optical density (O.D) readings. Tltis gives free amino 
groups not coupled to histamine. The above results show that the conjugation process 
was carried out successfully. 
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Fig. 16: Standard curves obtained with BSA and BSA-histarnine (Ist and 2nd 
immunogens) conjugate after reaction with TNBS as means of estimating free amino 
groups. 
Therefore, the bound lysine residues were calculated by the following formula; 
From the 0.0. readings; X represents mass of BSA and Y represents mass of BSA-
histamine for each point except for "0". 
XfY.l00= A is free NH2 groups left unbound. 
lOO.A=B is bound amino groups, 
therefore, the bound lysine residues = B/lOO x 59 
From the above calculation, the bound lysine residues were 27% for the 1st immunogen 
and 31 % for the 2nd inlmunogen. These results were taken from the average values of 
points in Fig. 16 for which 40, 60, 80 and 100 mg protein or immunogen were used. 
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5.2.2. COMPARISON OF ANTIBODY BINDING TO COATED PLATES 
(TITRE): 
The aim of this study was to check the quality of antisera raised against immunogens 
synthesized as described in Section 4.2.2.1. and 4.2.2.2. In immunoassay studies, it is 
vital to know whether there is sufficient antibody binding (titre) with antisera raised 
against haptens. It was also aimed to select the best antisera amongst the bleeds which 
were taken at different weeks and from different rabbits, and to observe the best 
concentration of the chosen antisera for further use in displacement studies of ELlS A 
with free histamine (See Section 5.2.3.). The results are shown in the following sub-
sections. 
5.2.2.1. Comparison of Different Bleeds from Different Rabbits: 
For the methodology of this experiment see Section 4.2.2.5.2. The best titre was 
observed with bleeds 6, 7, and 8, but bleeds 4 and 5 were also acceptable. Fig. 17 shows 
an example of differences between bleeds (6, 7 & 8) from the rabbits Yellow and 
Cuthbert using high hapten density coating conjugate (2nd method). 
/ 
The antisera from Yellow was produced against an immunogen conjugated in the same 
manner as the coating conjugate (homologous) and the antisera from Cuthbert raised 
against an immunogen conjugated by a different route to the coating conjugate 
(heterologous). This experiment shows that there was an immuno response against both 
immunogens from all rabbits. However, this does not clarify what percentage of 
antibody binding was against histamine only. Therefore, the following experiments 
(Section. 5.2.2.1., 5.2.2.2., 5.2.2.4., 5.2.2.6., and displacement experiments Section 
5.2.3.) were carried out to whether check the antibody was raised to histamine, bridging 
groups or proteins. 
5.2.2.2. Comparison of Heterologous (ht) and Homologous (hm) Antisera Against 
their Coating Conjugates: 
Sufficient antibody binding was observed with all coating conjugates (BIG-histamine, 
KHLH-histamine with 1st and 2nd types of conjugation routes as indicated in Section. 
4.2.2., Fig. II and 12), against both types of antisera (ht & hm). Fig. 18 shows the 
antibody binding for the 1st coating conjugate against both their heterologous (Cuthbert 
and Clarence) and homologous (Yaffle and Yellow) antisera. 
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yellow=B8 
Fig. 17: Comparison of antibody binding between three different bleeds (6, 7 & 8) 
against the high hapten density of 2nd coating conjugate against its homologous 
(Cuthbert) and heterologous (Yellow) antisera. 
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(bleed 6) to the 1st coating conjugate_ 
Fig_ 19 represents the titre observed for the 2nd coating conjugate against its 
homologous (Cuthbert and Clarence) and heterologous (Yaffle and Yellow) antisera. As 
can be seen from Fig. 18 antibody binding to the 1st coating conjugate was almost the 
same with its homologous antisera (Yaffle & Yellow) and showed higher binding than its 
heterologous antisera (Clarence and Cuthbert). Similar results were observed with 2nd 
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coating conjugate with the exception of Yaffle antibody. Because the titres were 
identical between heterologous and homologous antisera against their coating conjugates 
although the same protein (KHLH) was used in both coating conjugating methods, the 
difference in antibody binding with these different types of antisera was either to 
histamine or to the bridging groups. The variation of the results within the same 
homologous antisera could be explained by the possible different immuno·responses in 
animals (rabbits). 
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Fig. 19: Comparison of homologous (Cuthbert and Clarence) and heterologous (Yaffle 
and Yellow) antibodies to the coating conjugate prepared by 2nd method (conjugation 
through C2 position). 
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5.2.2.3. Comparison or Different Coatfng Buffers: 
The efficiency of carbonate and tris buffers on antibody binding (titre) were compared 
using the high hapten density (hd) conjugate (2nd method). (See Section 4.2.5.1. for 
methodology). Although the titres for heterologous antibodies (Yellow & Cuthbert) 
were slightly higher, and homologous antibodies were around the same, these differences 
did not increase the ·percentage of histamine displacements which were carried out later 
on. The use of acidic buffer pH 4.63 (acetate buffer) to coat plates did not make any 
difference to the antibody titre, compared to the use of carbonate buffer pH 9.6. Use of 
the acidic buffer all the way through the assay, i.e. washing steps and working solutions 
prevented any binding. Fig. 20 shows antibody titres in the acidic and basic buffers for 
Yaffle antiserum 5th and 6th bleed against BTG coating conjugate. 
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Fig. 20: Comparison of antibody binding to the plates coated with high hapten density 
conjugate (2nd method) using acidic and basic coating buffers, and Yaffle antibody 
(bleed 6), (Blanks represent unimmunized antisera). 
5.2.2.4. Comparison or Antibody Binding To The Coating Conjugates And 
Unconjugated Proteins: 
Higher antibody binding was observed with coating conjugates than the corresponding 
unconjugated proteins. The low hapten density conjugate gave better binding than the 
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high and medium density conjugales (2nd meihod). Fig. 21 shows one example from 
each type of antisera (hm: Cuthben, ht: Yellow) against ihe low haplen density conjugate 
(2nd meihod). 
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Fig. 21: Comparison of antibody binding to unconjugaled protein (KHLH) and a 
histamine· KHLH conjugate (the low haplen density conjugate of 2nd method) with its 
homologous (Cuthbert) and heterologous (Yellow) antisera (bleed 6). 
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Fig. 22 and 23 represent one example of each homologous and heterologous antisera 
against the 1st coating conjugate. In all the figures, KHLH was compared lO coating 
conjugates since it was used for the conjugation process, except BTG which was used 
for the BTG conjugate. Unimmunized serum was used as a blank for comparison.· 
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Fig. 22: Comparison of antibody binding to unconjugated proteins (KHLH) and a 
histamine·KHLH conjugate (high hapten density, 1st method) with its homologous 
(Yaffle) antisera (bleed 6) and un immunized sera. 
There was some antibody binding against unconjugated proteins when compared to the 
.. control results with blanks .. However, there was significant difference. in antibody 
binding between plates coated with conjugate and protein, suggesting that most of the 
antibodies produced were either to hapten (histamine) or bridging groups of the 
conjugates. 
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Fig. 23: Comparison of antibody binding to unconjugated proteins (KHLH) and a high 
hapten density of histamine - KHLH conjugate (1st method) with its heterologous 
(Clarence) antisera (bleed 6) and unimmunized sera. 
The following experiment was carried out in order to select the best coating conjugate 
concentration to coat plates in which the highest titre would be observed. 
5.2.2.5. Comparison of Different Concentrations of Coating Conjugates for 
Antibody Binding: 
The aim of this experiment was to select the best coating conjugate concentration. 
Coating conjugates (0.1, I and 10 Ilg/ml) were used to coat plates as described in 
-' 
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Section. 4.2.2.5.1.b. 1 Ilg/ml gave the highest antibody binding which is shown in Fig. 
24. Therefore, generally, IIlg/ml was used for any subsequent displacement assays. 
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Fig. 24: Comparison of three different concentrations (0.1, 1 and 10 Ilg/ml) of a coating 
conjugate (2nd method) for their antibody binding with Yellow antisera (bleed 6). 
5.2.2.6. Enzyme-Labelled Histamine Binding to Antibody Coated Plates for Direct 
Competitive ELISA: 
The enzyme-labelled histamine binding to the antibody coated plates (See Section. 
4.2.2.5.2b for methodology) also gave sufficient titre. The best result was observed with 
Yellow antisera coated plates using bleed 7 (Fig. 25). From the titration curve 11500 of 
enzyme-labelled histamine dilution and III 00 of antisera dilution was chosen for 
histamine displacement assays (direct competitive ELISA). 
2 144 
E antibody dilutions r:::: 
0 1.6 
--,l-- 1/500 -11- 1/2K 
Lt) 
V ---- 1/1 K .... 1/5K 
'tu 1.2 
CD 
0 
r:::: 
as 
.c 
0.8 
..... 
0 
U) 
.c 
as 
0.4 
.... - ........... . 
O+---~-+~++++K-~~-+-+~~H---~-+-+++++~ 
10 100 1000 10000 
enz-Iabelled histamine dilution 
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coated plates. . 
5.2.3. DISPLACEMENT RESULTS: 
This section was carried out to support the previously mentioned aims in Section 5.2. as 
well as to check the quality of antisera produced by carrying out displacement results, the 
percentage of unspecific binding with protein displacement experiments and to check 
whether antisera was against histamine, protein or bridging groups in the conjugates. 
The results were as follows; 
5.2.3.1. Immunogen, Protein And Coating Conjugate Displacements: 
As was demonstrated in above Section 5.2.2. there was sufficient titre against all the 
antisera produced. The next step was to test which percentage of this recognition' was' 
specifically against immunogens, proteins used in the synthesis process and coating 
conjugates. If there was high displacement with immunogens and coating conjugates,. 
and low displacement with proteins, most of the antibody would be produced against 
histamine and not protein. i.e. the non specific binding would be low. If there was an 
opposite result it would suggest that the immunogenic recognition of histamine with 
produced antisera was low or no recognition at all and the antibody binding occurred 
because of non-specific binding to proteins or the bridging groups. 
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The reSults. showed that although low displacement was observed with the -'lst 
immunogen against its heterologous antisera and high displacement with its homologous 
antisera, high displacement was observed with both antisera against the 2nd immunogen. 
Fig. 26 shows some examples of a good displacement with immunogen against coating 
conjugate. 
There was also an average protein and varying percentages of coating conjugate 
displacements against most of the coating conjugates using both homologous and 
heterologous antisera. Coating conjugate displacements were higher when using 
homologous antisera with ~e conjugates and lower displacements occurred when using 
heterologous antisera. Fig. 27 shows highest displacements were observed with both 
protein (43% with Yellow antisera at I f-Igfml) and coating conjugate (77% with 
Clarence antisera at 100 f1l fml). 
The high displacement with immunogens shows that all the produced antisera recognised 
both types of immunogen. The high displacement results with coating conjugates against 
homologous antisera and lower displacement against its heterologous conjugates also 
show that antisera recognised hapten-protein conjugates. 
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146 
Fig. 27: Examples of standard displacement curves were observed with coating 
conjugate and protein (KHLH) against conjugate and protein coating plates using 
Clarence (bleed 7) and Yellow (bleed 6) antisera respectively. The dotted line represents 
coating conjugate and the straight line represents protein displacements. 
5.2.3.2. Histamine Displacement: 
The results of this section show the percentage of displacements occurring with 
produced antisera (from different rabbits and different bleeds) against histamine. The 
experimental procedures are given in Section 4.2.2.5.3. 
A varying amount (10 to 67%) of displacement values was observed with free histamine 
competing with antibody against coating conjugates (lst and 2nd method) using either 
indirect competitive assay or with enzyme - labelled histamine using a direct competitive 
assay. High standard errors were observed occasionally. The amount 'of displacement 
with direct immunoassay was very low, the highest displacement was 34% with Clarence 
antisera. The other values observed were 31 % for Yellow. 21 % for Yaffle and 15% for 
Cuthbert antisera. Fig. 28 shows the displacement curves including standard error bars 
for direct immunOassay with all antisera. 
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Fig. 28: Examples of standard curves with error bars (n=6), for histamine displacement 
results observed with direct competitive immunoassay with antisera (1/500 dilution, 
bleed 6) coated plates using 1/100 dilution of enzyme • labelled histamine. 
The greatest histamine displacement observed with Yellow antisera (bleed 6), as 67% at 
lOO nglml, using indirect competitive assay with low hapten density conjugate (2nd 
method) as shown in Fig. 29. 
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Fig. 29: Examples of standard curves of histamine displacement observed with indirect 
competitive ELISA with low hapten density conjugate using Yellow antisera (bleed 6; 
Yellow 2 is a repeated experiment of Yellow 1). 
Sensitivity of the curves was calculated by subtracting two standard deviations from the 
mean zero value. It was calculated as -50 pg for Yellow 1 and 500 pg for Yellow 2. The 
differences are 10 fold between the two curves. 
The highest amount of displacement for histamine was observed at 10 nglml of histamine 
with other antisera averaging 54% with Yaffle antisera, 48% with ClIthbert and 49% 
with Clarence antisera using their 6th bleed (Fig. 30). 
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Fig. 30: Examples of standard curves histamine displacement observed with Cuthbert, 
Clarence and Yaffle antisera (using their 6th bleed) against low hapten density coating 
conjugate using indirect ELISA. 
The differences when using different bleeds (bleed 4, 5, 7 and 8) and different hapten 
density (high and medium) were also tested for histamine displacemenL The values 
observed varied between 36 to 54% with different bleeds. This suggests that the 
difference between bleeds was not very important. The greatest displacement was 
observed to be 63% with medium hapten density and 55% at 100 nglml with high hapten 
density compared to 67% displacement with low hapten density (2nd method) as was 
shown before using the same antisera. This difference shows that histamine displacement 
decreases in contrast to increasing hapten density. 
The other histamine displacement results using coating conjugate of the 1st method were 
below 40%, which varied between 13 to 35% against all types of antisera and bleeds. 
The same response also was observed with high and medium hapten densities of coating 
conjugate which were produced by the second conjugation method, using other types of 
antisera other than Yellow. 
There was no improvement in histamine displacement using several concentrations of 
proteins (KHLH, BSA, BTG) in the working solution of the assay or with plates blocked 
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with varying concentration of proteins (gelatine, milk powder as casein, BSA and 
KHLH). (The aim was to decrease any non-specific binding which might occur from 
proteins and increase the sensitivity of the assay, See Fig. 29 and 30). The above 
displacement curves (with indirect immunoassay) observed were with KHLH conjugates. 
The other protein used (BTG) did not show much displacement with all the antisera 
although BTG-histamine coating conjugate (2nd method) was very soluble. 
The indirect immunoassay worked betler than direct ELISA. The reason for high 
displacement with Yellow antisera (indirect ELISA) against its heterologous coating 
conjugate (low hapten density - 2nd method) may be because of the reduction in 
antibody binding against bridging groups which increased sensitivity of the assay with 
this particular antiserum compared to its homologous coating conjugate. The results 
with other antisera agreed with this assumption except the displacement with Yaffle 
antisera was slightly lower than (54%) Yellow, but it was lower with Clarence and 
Cuthbert antisera (49 and 48% respectively). 
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5.3. PRESENCE OF HISTAMINE AND HISTAMINE-LIKE AMINES IN FISH 
MEAL: 
In the previous experimental work, the analytical methods for histamine were evaluated 
and modified as necessary for fish meal. The modified colorimetric method was found to 
be the most suitable method for routine analysis of histamine in fish meal. The HPLC 
method was selected, with a slight alteration in its procedure, if histamine and histamine-
like amines are required to be analysed together. 
The aim of the following experimental work was to highlight the varying histamine and 
histamine-like amines in different batches of fish meal production which would clarify the 
following objectives; 
- whether or not there is a relationship between the levels of histamine and histamine-like 
amines in varying batches, 
- whether or not the qUality of raw material of fish meal, such as the type of fish used and 
the storage conditions of the fish before processing, had any effect on the histamine level 
in the final product, 
- whether age of fish meal stored under varying periods of time had any effect on the 
histamine content in the product. 
- to give an indication which part of the raw material originates the highest levels of 
histamine in flesh when it was processed. 
According to the results (Table. 31 and Fig. 31) histamine and histamine like-amines 
occurred in varying levels in different batches of fish meal. Table 31 shows that 
histamine level differed considerably between batches, between less than 7 mglkg to over 
8000 mglkg. There was no relationship between histamine levels and the origin of the 
samples (freshly processed batches or from old samples). However, there were very low 
histamine levels (e.g. 6.8 mglkg) in the samples processed from fresh raw material 
compared with meals processed from aged raw materials (e.g. sample 15, 1943.1 
mglkg). No histamine was detected in cod ftllet meal. Histamine levels were very high 
in stickwater meals (e.g. 8080.8 mglkg). 
The results were shown as WWB since there was very little variation in the % of the 
moisture content between the batches which did not cause much difference in histamine 
content when it was calculated as mg/1oo g of histamine (1 %). 
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Table. 31: An example of varying histamine levels in different fish meal batches. 
Sample histamine mglkg conditions 
No: (WWB) 
I 0.0 fresh or aged cod fillet meal 
2 6.8* 2 months old sample from fresh raw material 
3 161.0 fresh offal meal processed from I day old mackerel 
4 190.0 6 months old commercial Turkish meal 
5 425.6 1 year old Chilean meal 
6 427.6 2 weeks old commercial English meal 
7 432.4 fresh commercial English meal 
8 475.4 4 weeks old commercial English meal 
9 559.0 fresh commercial English meal 
10 651.4 3 weeks old commercial English meal 
11 768.4 fresh fillet meal from 1 day old mackerel 
12 870.0 5 weeks old English meal 
13 1144.5 fresh commercial English meal 
14 1184.6 Stickwater meal from sample 3 
15 1943.1 fresh fillet meal from 2 day old mackerel 
16 3427.7 fresh stickwater meal from sample 11 
17 8080.8 fresh stickwater meal from sample 15 
*1:1 Jattylwhite muscled fish as raw material. Each point represents means oJ 
triplicated results. 
Fig. 31 represents the amine levels of 16 different samples from 16 different batches. 
There was no significant correlation between histamine and other amines in the values 
being analysed. There was however, a pattern observed between spermidine and 
spermine levels, which were very similar except for the last sample. Putrescine and 
tyramine levels followed each other more closely than cadaverine. There was a similar 
pattern between histamine and cadaverine for 12 samples, between histamine and 
putrescine for 10, and histamine and tyramine for 9 out of 16 samples. The exceptional 
samples were number 3, 7, 9, 12 and 16 for cadaverine, 3, 7,9, 10, 13, 14 and 16 for 
tyramine and putrescine except number 10. Therefore, this experiment suggests that the 
relationship between histamine and histamine-like amines was not clear. However, these 
amines may need to be present at a certain level in the product before causing gizzard 
erosion in poultry (or histamine poisoning in humans with consumption of fish), therefore 
it requires further investigation. 
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Fig. 31 The levels of histamine and histamine-like amines in 16 fish meal samples. Each 
point duplicated. 
5.4. PROCESSING EFFECT ON HISTAMINE CONTENT AND FORMATION: 
After showing that high histamine levels occurred in fish meal, especially in the 
stickwater meal, the next step was to investigate whether the processing of fish meal has 
any effect (increase or perhaps decrease) On the histamine level in the final product. 
Therefore, the following trials were carried out according to Section. 4.2.4. The results 
of these processing trials are shown in the following subsections of this section. 
5.4.1. FIRST TRIAL: 
The aim of this trial was to investigate the formation of histamine -in fish meal production 
according to processing stages and varying type of raw material used but originating 
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from the same batch of fish. The results are presented in Table 32. Since histamine is a 
water soluble chemical compound, it is natural that histamine will be extracted from raw 
fish during processing (cooking and pressing, See Fig. I in Section 2.1.1. and Section. 
4.2.4.1.) in press water and not destroyed later by further processing (freeze drying). 
The fIrst trial showed that histamine mainly concentrates in the stickwater meal. Other 
results show that the majority of histamine is in the mackerel flesh rather than in the offal 
(guts, heads, bones etc.). 
Table. 32: Distribution of histamine (mgllOOg DWB) in the fish meal at various stages of 
processing. 
histamine mgll00g DWB 
Sampling Fish Fillet Fish Offal Whole mackerel 
raw fish 103.85 (3.07) 79.61 (4.06) 96.03 (3.50) 
after cooking* 89.66 (4.25) 29.98 (7.30) 63.62 (4.03) 
after processing 80.42 (2.73) 16.73 (1.25) 61.06 (1.50) 
stickwater meal 368.72 (11.77) 127.93 (5.708) 415.24 (6.05) 
*Cooking and pressing. Fish offal and fish fillet originated from the same batch except 
that they were stored separately under the same conditions. Figures represent the 
means of triplicated results. Standard deviations are given in parentheses. 
5.4.2. SECOND TRIAL: 
The purpose of the 2nd trial was to repeat the first trial with the estimation of histamine 
in total weight of raw material before processing and in the total weight of the end 
product. Therefore, the histamine level was measured before and after processing pro 
rata weighing the yield in order to calculate the total histamine level accurately to be able 
to observe any loss or formation (gain) occurring in histamine level during processing. 
The difference in this trial from the 1st trial was that the whole batch was used without 
filleting, but it was divided into two groups, one was soaked in the cold water, the other 
was processed without soaking (See Section 4.2.4.2). This was done in order to observe 
whether or not soaking will have an effect on reducing histamine level found in the 
subsequent stickwater meal as compared to levels found in stickwater meal of unsoaked 
fish. 
As can be seen from Tables 33 and 34 there was a decrease in histamine level in the first 
batch and in the 2nd batch (which was soaked in the chilled water). However, the 
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differences in results for histamine in processed and the raw malerial were not very 
reliable since unexpectedly high levels of histamine in raw material caused a misleading 
measurement in volume for the column. Therefore, the histamine level varied 
considerably in the different aliquots used. The level of histamine increased when the 
aliquot volume decreased and the histamine level was higher for meal from soaked fIsh 
(2nd batch) than meal from unsoaked fish (Ist batch). 
Table.33: Effect of processing on histamine formation or loss in fIsh meal 
1st batch 2nd batch 
histamine mg/l00g aliquot (ml) histamine aliquot (ml) 
DWB mg/l00gDWB 
raw 519.59 15 519.59 15 
327.44 25 327.44 25 
processed * 1 189.67 25 204.04 25 
STWM*2 306.44 15 898.07 5 
379.04 10 507.31 10 
347.79 15 
* 1 solids. *2 stickwater meal. The results were calculated as DWB for both total fish 
meal yielded during certain stages and histamine levels include histamine in lost weight 
used for sampling or lost during handling and processing. 
The second batch (Table 34) also showed some loss in the histamine level if the results 
for raw material were taken from aliquot size 15 ml and for processed fish 25 ml and 
stickwaler meal 10 or 15 ml. When the histamine content value for processed meal 
doubled because of higher aliquot size, there was still a loss in the histamine level. There 
was only 85.71 mg increased histamine in 874.6 g of DWB total processed fish meal. 
Although the results of this trial are inconclusive because of higher than expected 
histamine levels, results are presented because they show the general trend of histamine 
distribution during processing. This trial supports the performance of the third trial. 
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Table: 34. Total histamine formation during fish meal production (DWB total values of 
results calculated above). 
Total Raw (A) processed STWM*2(C) Total ofB+<: Loss! gain 
(B)*I (mg) 
weight 944.39 486.61 457.78 944.39 -
(g) 1st 
batch 
Histamine 4910.83 (15 ml) 922.95 1735.16 26858.11 1055*3 
(mg) (3092.31) (25 ml) (lOml) (IOmI) 
(20&25 ml) (1402.82) (2325.77) (loss)*3 
(15 ml). (15 m)!. 
weight 874.6 464.6 410.00 874.6 -
(g) 2nd 
batch 
Histamine 4544.33 (15 ml) 947.96 3682.08 4630.04 (5 ml) + 85.71 
(mg) {(2863.79) for (25 ml) (5ml) 3027.93 - 1516.4 
20&25ml} 2079.97 (IOml) 
(10ml) 2373.89 - 2170.4 
1425.93 (I5ml) 
(15ml) 
*1 solids. *2 stickwater meal. *3 not calculated because of variability in histamine 
levels in samples. The end product weight differences (losses) were taken into account 
for histamine presence at the processed solids stage. 
5.1.3. THIRD TRIAL: 
Because of the results observed with 2nd trial, the 3rd trial was carried out with less 
spoiled mackerel since histamine levels in the 2nd trial made analysis interpretation 
difficult. Cod fish also was used as a control (See Section 4.2.4.2 for experimental 
procedure). 
The results showed that although no histamine was expected to be found in cod or cod 
meals some was detected only in the guts and gills (1.39 mg/lOO g WWB histamine). 
This was calculated as 50.86 mg/723.6 g of DWB as whole unprocessed (raw) cod. 
After processing, there was still no histamine in the cod meal dried from pressed solid, 
but 83.40 mg/lOO g of histamine (DWB) was found in the dried stickwater meal. 
Therefore, the gain in histamine level in total weight was 73.26 mg which is more than 
100% increase, this result is unexpected since there was no histamine in processed cod 
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meal. Other reasons for the increase could be due to histamine formation in the 
stickwater which was stored for a short time at room temperature and a long freeze 
drying process may lead to temperature abuse since it was performed overnight. It is 
interesting to note that the majority of the histamine is removed into the stickwater. It is 
possible that compositional differences between the two types of fish (especially lipid 
content) might account for this. Fig. 32 represents the results for the 3rd trial carried out 
with cod fish when processed into meal. 
COD 
Before processing: 
Fresh: 5.78 mg histamine/lOOg 
45.75 mg histamine/791.6g 
~ 
Aged: 7.03 mg histamine/lOOg 
50.86 mg histamine/723.6g 
J, 
After processing: 
Processed meal:O mg histamine/599.31 9 
+ 
STW meal: 83.40 mg histamine/100g 
124 mg histamine/l48.83g 
17.1 Jmg histamine/100g 
Total meal: 124.12 mg histamine/ -723.43 9 of end product 
Gain: 10.13 mg histamine/100g 
73.26 mg histamine/ -723.26g of end product 
Fig. 32: Processing effect on histamine formation for Cod. All the results were 
calculated DWB, triplicated (or more). The weight used for sampling and losses during 
handling and processing were also taken into account in calculations. 
MACKEREL 
Before processing: 
Fresh: 10.28 mg histamine/100g 
147.00 mg histamine/l430g 
Aged' 221.69 mg histamine/100g 
3128.04 mg histamine/l411g 
1 
After processing: 
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Fillet meal:7.56 mg histamine/100g + Fillet STW meal: 13.95 mg histamine/lOOg 
44.48 mg histamine/588g 20.44 mg histamine/I46.46g 
+ + 
10.70 mg histamine/lOOg. Offal STW meal: 230.64 mg histamine/100g Offal meal' . . 
'12.75 mg hlstamlne/399.54g 638.64 mg histamlne/276.9g 
Total: 52.89 mg histamine/100g 
746.31 mg histamine/l411 g 
Loss: 168.79 mg histamine/100g 
2381.73 mg histamine/1411g 
Fig. 33: Processing effect on histamine fonnation for Mackerel. All the results were 
calculated DWB, triplicated (or more). The weight used for sampling and losses during 
handling and processing were also taken into account in calculations. 
The opposite result was observed with mackerel compared to cod fish in that there was a 
high amount of loss (168.79 mgllOO g) in histamine level after the total raw fish was 
processed. Most of the histamine was concentrated into stickwater meal (155.67 
mgllOO g) which mainly originated from fish offal (See Fig. 33). This concentration 
either originates from histamine extraction from the fish fillet (flesh) or guts and gills or 
develops before or during freeze drying if temperature abuse took place. This could 
occur immediately between collection of the stickwater and freezing. 
As can be seen from Fig. 33 although histamine level (mgllOO g and in total weight) in 
the stickwater meal for fish fillet was higher than fillet meal itself, the difference was far 
lower than the difference between offal meal and its stickwater meal. This result may be 
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due to either high histamine levels or high bacterial load (histamine fonning bacteria) in 
the guts, gills etc. part the fish which processed into fish offal meal. 
The loss in histamine level overall (dry weight basis) after processing could be explained 
as a processing loss caused by product sticking to the equipment used, or breakdown to 
other compounds or conversion to gizzerosine because of over-heating may occur as 
explained at Section. 2.1.5.2. 
These results are quite significant since if you process fish with guts, gills or heads, the 
potential for histamine formation is higher. 
5.5. STORAGE TRIALS WITH FISH MEAL: 
After observing the histamine changes during processing of fish meal and the processing 
effects on histamine level in the final end product, the next step was to determine what 
happens to histamine during storage of fish meal at different temperatures and humidities 
for varying periods of time in packed or unpacked conditions (i.e. whether histamine 
formation occurs or histamine decreases. perhaps metabolises or converts to other 
chemical compounds). 
a) FIRST TRIAL: 
The first trial was carried out to check whether there was any change in histamine 
content during storage of fish meal at different temperatures when the samples were 
packed in a polyethylene bags to prevent moisture absorption from air (as reported in 
Section. 2.1.2). The temperatures were chosen from the average temperatures observed 
in Turkey and England which may be taken as representative for other countries where 
there is a high fish meal production. The temperatures and relative humidities of Turkey 
and England are given in Appendix. 1. Table 35 shows the results of the first storage 
trial with varying temperatures against time. The aw for samples were almost the same 
throughout the trial. The samples were stored at ooe with aw: 0.51; at 200 e with aw: 
0.51; at 300 e with aw: 0.49 and at 35°e with aw: 0.44. 
As seen from the Table 35, except for samples at 35°e there was an apparent initial 
increase in histamine level up to week 5 which was due to interference of bones (see 
below) and a decrease noted after week 5 significant for all the temperatures. Histamine 
levels increased by 6.4% from 3rd week to 5th week and fell gradually by 28.3% at the 
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14th week for the samples stored at 20oe. Similar results also occurred with the samples 
stored at 30°C. The increase in histamine level was negligible for the samples stored 
under 35°e, but a 24.4% decrease occurred at 14th week compared to the first day of 
the storage. The slight increase in histamine levels for all temperatures could be 
interpreted as being due to levels of bone since SD values were high for triplicated 
samples possibly because the sample may not be entirely homogeneous due to the 
presence of bones. However, the same samples were used through out so some other 
explanation may be required. 
Table. 35: Histamine levels mg/loo g during storage trials of fish meal samples packed in 
polyethylene bags. 
Histamine levels mg/loo g (DWB) 
Tempe- week 0 week 1 week 2 week 3 week 5 week 8 week 13 week 
rature 14 
ooe 126.58 126.25 128.93 129.08 134.08 124.63 110.44 1 oo.94 
(7.14) (7.86) (11.81) (3.72) (7.81) (1.72) (5.85) (1.50) 
200 e 126.75 120.76 125.78 126.33 138.19 117.70 114.25 96.54 
(7.14) (6.71) (6.95) (1.62) (5.48) (1.31) (4.50) (1.23) 
300 e 125.75 12Q.42 118.01 121.12 . 132.95 110.39 107.02 95.26 
(7.14) (3.42) (3.12) (7.05) (6.05) (2.59) (5.45) (2.30) 
35°e 126.75 124.02 120.76 125.43 125.33 120.54 116.47 91.90 
(7.14) (2.62) (8.93) (4.89) (6.91) (2.35) (2.30) (3.21) 
Results represent means for three determinations. Figures in parentheses represent SD. 
Figures in parentheses represent standard deviations of triplicated de terminations. 
Table 36 shows that moisture content did not vary much during the first trial at ooe and 
200 e but there was a slight fall at 300 e and a rapid decrease at 35°e which was to be 
expected due to evaporation at higher temperatures, the loss of water vapour from the 
bag being exacerbated by the action of sampling. 
161 
Table. 36: Moisture content results (%) of samples analysed in Table 35. 
Moisture content (%) 
Tempe- week 0 week I week 2 week 3 weekS week 8 week 13 week 14 
rature 
ODC 9.26 9.38 9.03 9.25 9.29 9.15 9.46 9.40 
(0.42) (0.06) (0.07) (0.02) (0.09) (0.05) (0.01) (0.02) 
20DC 9.26 8.87 8.97 9.17 9.08 9.04 9.34 9.30 
(0.42) (0.18) (0.06) (0.04) (0.03) (0.05) (0.02) (0.02) 
30DC 9.26 8.82 8.74 8.72 8.52 8.42 8.30 8.30 
(0.42) (0.12) (0.05) (0.03) (0.02) (0.0\) (0.02) (0.02) 
35DC 9.26 8.45 8.65 8.29 7.08 6.81 5.81 5.70 
(0.42) (0.06) (0.03) (0.05) (0.06) (0.04) (0.05) (0.0\) 
Results represent means for three determinations. Figures in parentheses represent 
standard deviations of triplicated determinations. 
b). SECOND TRIAL: 
The second trial was carried out for the same reason as in the fIrst trial except that the 
samples were not packed but were left in the open air without controlled relative 
humidity (RH). Therefore, the effect of %RH was also tested. The %RH was chosen 
from typical values from English and Turkish weather broadcast reports (see Appendix. 
1). The results for the second trial are shown in Tables 37, 38 and 39. 
AB can be seen from the series I, 2 (Table 37) and 3 (Table 38) there was a rapid loss of 
histamine and heavy mould growth observed with series 1 and 2 (see Table. 37) at the 
beginning of the third week, and with series 3 (see Table. 38) at the end of the fourth 
week. No mould growth was observed with the series 4 (see Table. 39) which was 
stored at 150 C, 70% RH but a slight fall in histamine level was observed. aw and 
moisture content increased as was expected. 
These three tables show that histamine levels decrease gradually with time at lower 
temperatures and humidity, but a rapid loss occurred with high temperatures and 
humidities. This may suggest a solution to controlling high histamine levels but the 
resulting mould growth at temperatures above 15°C or RH greater than 80% could 
introduce a new problem such as mycotoxin accumulation. No mould growth occurred 
at 15°C and 70% humidity because of aw limiting mould growth, mainly. Using low 
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temperatures and humidities for storing fish meal may help slightly in reducing histamine 
levels and certainly with no increase. However the preferred means of control is in raw 
materials for fish meal. 
Table. 37: Storage trial at 30°C, 80% RH. 
Series weeks histamine mgllOOg a.w. moisture content % (OWB) 
1 0 1.51 (0.04) 0.29 (0.03) 5.10 (0.05) 
2 1.26 (0.01) 0.89 (0.01) 10.76 (0.06) 
3 heavy mould growth 
2 0 2.55 (0.0) 0.33 (0.02) 5.15 (0.04) 
2 0.12 (0.0) 0.84 (0.01) 14.48 (0.05) 
3 heavy mould growth 
Results represent means for three determinations. Figures in parentheses represent 
standard deviations of triplicated determinations. 
Table. 38: Storage trials at 25°C, 80 %RH with Series 3. 
weeks histamine mwlOO g a.w. moisture content % 
0 57.79 (5.51) 0.39 (0.01) 5.72 (0.04) 
1 59.16 (7.29) 0.78 (0.03) 15.70 (0.06) 
2 56.76 (2.23) 0.86 (0.03) 19.69 (0.05) 
3 4.98 (0.42) 0.84 (0.02) 19.07 (0.99) 
4 heavy mould growth 
Results represent means for three de terminations. Figures in parentheses represent 
standard deviations of triplicated determinations. 
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Table. 39: Storage trials at 15°C 70 %RH with Series 4 
. weeks histamine mg/lOO g (DWB) a.w. moisture content % 
0 80.96 (2.01) 0.34 (0.01) 5.00 (0.01) 
I 67.08 (2.03) 0.65 (0.003) 9.73 (0.02) 
2 60.18 (2.85) 0.56 (0.004) 9.00 (0.04) 
3 58.69 (5.66) 0.55 (0.003) 8.94 (0.03) 
4 57.62 (0.94) 0.55 (0.0) 8.90 (0.02) 
6-8 No mould growth 
Results represent means for three determinations. Figures in parentheses represent 
standard deviations of triplicated de terminations. 
5.6. ANALYSIS OF MYCOTOXINS (Aflatoxins) 
5.6.1. PRESENCE OF AFLATOXINS IN MOULDY AND NON-MOULDY FISH 
MEAL SAMPLES: 
Since the enzyme immunoassay (Ward and Morgan, 1991), developed by the Institute of 
Food Research, Norwich Laboratory (by ELISA group), proved to have many 
advantages (such as more sensitive, specific, reliable, simpler and faster) over other 
analytical methods for example, HPLC, for analysing aflatoxins in foods and feeds, it was 
aimed to apply this method to fish meal and mixed feeds possibly containing fish meal. 
To the author's knowledge there is no information in the literature on tbe application of 
ELISA techniques to aflatoxin analysis in fish meal. 
Firstly, several standard experiments, with or without aflatoxin calibration, were carried 
out to check the accuracy of the method. Secondly, the method was applied to fish meal 
samples to assess whether any matrix effect would interfere with the method. 
The method gave good results with fish meal samples which were spiked or unspiked 
with aflatoxins so indicating no interference from the test material. Also, good 
calibration curves were observed. Fig. 34 shows a typical standard curve for aflatoxin 
analysis which was carried out by the ELISA method. There was no aflatoxin present in 
20 samples analysed. 
Table 40 shows an example of microtitrate plate absorption readings for standard and 
samples which showed negative results. Each microtitrate plate contains 96 wells. The 
wells near to the edge were not used because of the edge effect, which is caused by these 
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wells drying out. Each standard and sample had four replicates. 0 ng for standard also 
represents Blanks (B) for samples prepared in the same way as standards without any 
aflatoxin addition. 
As can be seen from Fig. 34 and Table 40 the absorption reading of the standard 
decreased as the aflatoxin concentration increased. This is a competitive ELISA 
technique technique and an explanation of this is given in Section.2.2.6.1. 
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Fig. 34. An example to a typical standard curve for aflatoxin analysis by ELISA. 
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Table. 40: Absorption reading for a typical microtitrate plate result for standards, blank 
and samples (which showed negative results). 
CA standards samples samples+Blank* 
Oog* 0.585 0.522 0.447 0.579 0.602 0.580 0.551 0.594 0.676 0.600 
O.Olog 0.555 0.494 0.426 0.501 0.615 0.576 0.622 0.629 0.638 0.579 
O.log 0.439 0.437 0.440 0.452 0.588 0.641 0.786 0.687 0.570 0.654 
log 0.210 0.186 0.174 0.178 0.608 0.596 0.639 0.581 0.634 0.587 
100g 0.072 0.075 0.070 0.142 0.582 0.582 0.574 0.608 0.687* 0.538* 
lOOo~ 0.065 0.059 0.070 0.069 0.564 0.564 0.643 0.524 0.480* 0.499* 
CA: Concentration of Aflatoxin; * Blank (0 ng of aflatoxin). Four replicates used for 
each sample and standard. 8 replicates used for blank. 
There was no aflatoxin present in 16 non-mouldy and 4 mouldy fish meal samples 
analysed. However, more tests and further investigation are required for a conclusive 
decision on whether aflatoxin or other mycotoxins could form in the fish meal as they 
occur in other animal feeds (Morgan et al., 1986). Sampling for mycotoxin analysis can 
be problematic and obtaining representative samples can be difficult. 
5.6.2. PRESENCE OF AFLA TOXINS IN MIXED POULTRY FEED SAMPLES: 
Mixed poultry feeds (with varying types of feeds) were provided by Cherry Valley 
Poultry Company, England. The content and origin of the feed was unknown but it was 
most likely to include fish meal. 
The results obtained are as follows; 
Sample aflatoxin (ppbl; 
1 2.50 
2 
3 
4 
3.45 
3.95 
5.45 
The legal limit for aflatoxin presence in feed has been reported as 100 ppb for the 
consumption of feed for cattle, swine and mature poultry. Levels of 200 ppm are 
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allowed in food corn destined for finishing swine (EFST, 1992). Therefore, the above 
results showed that the feed was safe to use for animal feed (Morgan and Lee, 1990). 
The mixture of the feed was not known therefore this experiment only shows an example 
of the aflatoxin presence in some feed products. This experiment shows that the ELISA 
method works for mixed feeds (which may include fish meal). 
5.7. GENERAL MICROBIOLOGICAL CHANGES DURING FISH MEAL 
PRODUCTION AND STORAGE: 
The aim of this experiment was to show microbiological quality of fish meal production 
under laboratory conditions which later would relate to; 
- histamine presence due to histamine forming bacterial (HFB) count, 
- and the general bacteriological quality in terms of total viable bacteria and coliform 
count,. 
This section of work is considered important since little or no published information of 
the microbiological changes occurring during fish meal production exists in the literature. 
Table 41 shows the total viable bacterial count (TVC), histamine-forming bacteria count 
(HFB) and coliform count increased rapidly after storing fish (previously taken from ice) 
in open air at room temperature. 
When the fish was cooked and pressed, there were no bacteria observed in the press-
cake. However, bacterial growth was observed after drying of solids and the stickwater. 
This is an indication that fish meal is apparently free of microorganisms 
(microbiologically hygienic) after the cooking process. Some damaged cells may 
possibly recover later (D'Aoust, 1981). However, recontamination occurs during drying, 
milling, handling mainly from environment and equipment after cooking. Highest 
recontamination was observed in the stickwater meal. 
As can be seen from Table 42, a gradual decrease in bacterial count (coliform count was 
not carried out) was observed during the storage of fish meal at room temperature in a 
polyethylene bag in parallel with a decreasing histamine level. A decrease in the bacterial 
count in the product was expected since fish meal has too low an aw for bacterial growth 
and survival for some organisms, therefore, no increase but a reduction in the numbers 
were expected. This result, however, may not relate to decreasing histamine levels in the 
product since histamine is already formed in the product and is chemically quite stable. 
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Table. 41: Microbiological changes during fish meal production. 
Samples Mackerel Cod 
Processing TVC HFB Coliform TVC HFB Coliform 
Stages cfulg cfulg cfulg cfulg cfulg cfulg 
Fresh (taken 7.76xl03 5.lx103 6.4x102 7.66x103 2.67x102 l.74x102 
from ice) 
After 1 d stored 8.7xl05 7xl05 1.8x105 1.99x106 l.74x106 5.8xl05 
at room 
temperature 
Solids after N.G N.G N.G N.G N.G N.G 
cooking 
Solids after 6.3x102 4x102 l.06x102 1.3 x 104 1.1lxl04 4.45x103 
drying 
Stickwater after 5xl04 1.9x104 1.43xl03 4xlo4 l.09xlo4 1.34x103 
drying 
(TVC) Total Viable Count, (HFB) Histamine Forming Bacteria count, *(N.G) No 
bacterial growth observation. Each point represents the means of triplicated results. 
The common histamine forming bacteria found in fish meal were; Proteus morganii, 
Providencia vettgeri, E. coli, Klebsiella oxytoca and Klebsiella pneumoniae. These 
bacteria are reported as being the most common high histamine producers especially P. 
morganii (Taylor, 1985). 
Table. 42: The relationship between histamine level and the bacteria count during storage 
trial at room temperature. 
Fish meal Samples 
week 1 
week 2 
Histamine mg/l00g 
(WWB) 
34.71 
28.15 
week 3 26.38 
TVC cfulg 
2.4 x 105 
1.2 x 105 
5.2 x 104 
HFB cfulg 
7.5 x 104 
5.1 x 104 
2.5 x 104 
(TVC) Total Viable Count, (HFB) Histamine Forming Bacteria count. Each data 
represents mean of triplicated results. 
As shown in previous Section. 5.5.2, heavy mould growth occurred when the samples 
were stored at high relative humidity (RH) and temperatures (0C). Some of the moulds 
were identified to genus level and Penicillium and Aspergillus spp. were found to be 
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present which indicates that mycotoxin accumulation may occur and a risk to animal 
health exists. Therefore, although fish meal has a low water activity (aw), when aw 
increased due to high RH, the histamine level in the product could increase, but the 
decrease observed may be due to mould growth. 
5.8. ANALYSIS FOR SALMONELLA OF FISH MEAL: 
The need for this study is made clear from the literature review (Section. 2.3.) since 
Salmonella in fish meal is potentially a serious problem. 
5.8.1. TRADITIONAL METHOD: 
The method is reported in materials and methods (Section. 4.2.8.2.) and it was intended 
to critically evaluate the traditional method in the routine analysis of 44 naturally 
contaminated samples. Out of 44 naturally contaminated fish meal samples analysed, 10 
samples were Salmonella-positive and two of them gave clear identification at 'species' 
level with the Api 20E test as S. arizona and S. typhimurium (See tables 43 a, b, and c). 
Other Salmonella positive samples were only able to be identified at the 'genus' level 
with the Api 20E test. The identification of sample 5 indicated either Citrobacter 
freundii or Salmonella spp with both serological and Api 20E test as confirmation. The 
Api Company Ltd. suggests they be contacted for definite identification at species level. 
However, it was found to be unnecessary to do so at this stage since it was aimed to 
detect either presence or absence of Salmonellae and the interfering microorganisms 
during the analytical procedures. 
Eighteen out of 34 naturally contaminated samples, which were presumptive positives, 
were proved to be Salmonella negative indicating that they were false positives (41 % of 
44 analysed samples). Later these false positives were identified as follows; 
All the presumptive positives (false) gave either serologically negative results or 
Polyvalent 0 positive, H negative. Experiments carried out with pure cultures, either 
with or without Salmonellae on XLD, BOA, MLCB and BiSA showed that although 
there was a clear serological and biochemical identification with Salmonellae, colour 
observations were not clear with some bacteria which are non-Salmonellae in the same 
media e.g. XLD and BOA. The interfering microorganims were; 
At genus leyel: 
Citrobacter spp., Klebsiella spp., Proteus spp., Pseudomonas spp. 
At species level: 
Citrobacter freundii, E. coli, E. cloacae, Proteus mirabilis. 
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(Interfering implies that they may in some way affect the successful analysis of foods 
because of similar readings or competitive effect). 
Citrobacter freundii, E. coli and E. cloacae gave typical Salmonella colonies but 
without metallic sheen on BiSA. Although, Salmonella pure cultures gave typical 
colonies with BiSA, it was found that in the presence of samples which are heavily 
contaminated with other interfering bacteria, which grow well in this medium, these may 
suppress the growth of Salmonella. Therefore, presumptive positives media other than 
BiSA were preferred when applied to fish meal samples with high bacterial load. 
A reddish orange colony reaction was observed with Enterobacter cloacae, and 
Citrobacter freundii showed some black centred colonies with XLD medium. There 
were also some false positives observed which later proved to be Proteus mirabilis. 
Pseudomonas species also produced small red colonies on XLD medium which might be 
confused with Salmonella. 
Some samples gave isolates which proved to be false positives on BOA i.e. small red 
colonies later identified as either Proteus mirabilis, Citrobacter and Pseudomonas spp. 
as reported in the Oxoid Reference Book (1990). Klebsiella spp. and Enterobacter 
cloacae were separated from typical Salmonella-like colonies on MCLB agar plates used 
for naturally contaminated fish meal samples. 
To assess reaction variability on commonly used media, pure cultures of the previously 
mentioned interfering bacteria and some others mentioned in the Oxoid's Manual (1990) 
and reported by Varnam and Evans (1991) were inoculated onto a range of media The 
organisms used were; 
Enterobacter cioacae, Enterobacter aerogenes, Edwardsiella spp. or Edwardsiella 
tarda, E. coli, Citrobacter freundii, Klebsiella spp. or K. oxytoca, Proteus spp. or P. 
mirabilis, Providencia spp. or P. stuarti and Pseudomonas fluorescens 
The media screened as well as colony reactions are presented in Table. 44. 
Table. 47a. Comparison of Oxoid Salmonella Rapid method with Conventional Techniques for samples 1-14. 
Oxoid Traditional 
Presumptive , 
Sample Colour in Tubes Latex Test Presumptive Serological Final Confirmation 
s . 
1 posi tive (A) positive (A) Positive suspect Pseudomonas or Citrobacter spp. , 
2 suspect (A, B) positive (A, positive positive Salmonella spp. 
B) 
3 negative· positive (A) positive positive Salmonella spp. 
4 negative positive (A) Positive positive S. arizona 
5 suspect (A) positive (A) positive Suspect Citrobacter freundii or Salmonella spp. 
6 posi tive (A) positive (A) Positive Positive Salmonella spp. 
7 negative positive (A) Positive Positive Salmonella spp. 
8 negative negative Positive negative negative 
9 negative negative Positive negative negative 
10 positive (A), negative Positive negative negative 
suspect (B) 
11 suspect (A, B) positive (A) Positive suspect Salmonella spp. or Enterobacter cloacea 
12 negative positive (A) Positive negative Pseudomonas spp. 
13 suspect (A, B) , negative positive suspect negative 
14 suspect (A) negative negative negative negative 
Suspect means that the results were not clear. Presumptive positives for traditional method represents any suspected positive 
-colony observed on any agar elective-selective plate (XLD, BGA, BiSA and MLCB) used. Parenthesised letters represent the ;:: 
Tube showing a positive result. . 
Tahle. 47h. Comparison of Oxoid's Salmonella Rapid method with Conventional Techniques for samples 15-32. 
Oxoid's Salmonella Rapid Method Traditional Methods 
Presumptive Results 
Samples Colour in Tuhes Latex Presumptive Serological Final confinnation 
Test 
15 suspect(A) positive (A) positive suspect E. cloaecae or E. coli 
16 positive (A, B) positive (A) positive suspect Salmonella typhimurium 
17 negative positive (A) positive suspect Salmonella spp. 
18 negative negative positive suspect Citrobacter jreundii 
19 positive (A, B) positive (A) positive positive Salmonella spp. 
20 positive (A, B) positive (A) positive suspect Protel/s mirabilis 0-
21 negative negative negative n.d n.d· 
22 negative negative negative n.d n.cI 
23 negative negative negative n.d n.cI 
24 negative negative negative n.d n.d 
25 negative negative negative n.d n.d 
26 negative negative negative n.d n.d 
27 negative positive (A) positive negative n.d 
28 positive (A) positive (A) positive negative n.d 
29 suspect (A) positive (A) negative n.d n.d 
30 suspect (A) negative negative n.d n.d 
31 positive (A) positive (A) positive suspect Protel/s mirabilis 
32 negative negative suspect suspect Psel/domonas spJl. or E. cloaceae 
Parenthesis represents the related tubes. (n.t) represents the non detected or tested results. Suspect means that the results were not clear. Presumptive positives for 
traditional method represents any suspected positil'e colony observed on any agar elective·selective plate (XW. BGA. BiSA and MLCB) used. 
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T hi 47 C a e. c: ompanson 0 fO 'd' R 'IM h d C XOl S apl! el 0 10 onventlona IT h . ec mques or samples 33 ~O 10 _ 
.' 
Samples Oxoid's Salmonella Rapid MeUm" Tradilional Melho"s 
& pure Prcsumplive 
cllllurcs Colour in Tuhes Lalex Tesl Prcsumplive Serological Final confirmation 
33 negative negative negative n.d n. L 
34 negalive negative negalive n.d 11.1 
35 posilive (A) posilive (A) posilive posilive Sallllollella spp. 
36 posilive (A, D) posilive (A, D) posilive posilivc Sallllollella spp. 
37 negative negative suspecl negalive n.d 
38 negative negative negative n. n.d 
39 posilive (A) negative negalive n.d n.d 
40 negative negative nogalive n.d n." 
41 posilive (D) posilive (A) posilive suspecl Klebsiella spp. or Prolells spp. 
42 posilive (D) negative negative n.d n.d 
43 negative negative posilive negalive n.d 
44 negalive negalive posilive negative lul 
45 ... negative. negative negative negative Ii. coli 
46- negalive negative negalive negalive E. c/ollclIe 
47$ negative negative negelive negative C. Jrellllllii 
48*1 positive (A; D) posilive (A, D) positive positive S. Iyphimllrium 
49*2 positive (A, D) posilive (A, D) posilive posHive S. enteridilis 
50# negalive negalive posilive Posilive S. alW(WII 
.. . . 11le lasl 6 samples represents p"re cllltllres .• SlIspecl lIIeans IIIat IIIe reslllls IVere nol clear. Presllmplll'e fJOstl/ves for IradlllOnallllelllod represelllS allY sllspecled 
posilive colollY observed 011 allY agar e/eclil'e-seleclive plate (XW, BGA, BiSA and MClR) wllicII IIsed. .f Spiked lI'illl S. lypllillJllrilllll . .2 Spiked lI'illl S. enlerilidis, # 
Spiked lI'illl S. anallllll. - spiked lI'illl Cilro!Jaclerfrellndii. $ spiked lI'illl Elllerobacler cloacae .... spiked lI'illl E. coli 
". 
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Tahle. 44: Ilacterial reactions on XLD. DGA. DiSA and MIlCLD agar at 37"C for 24 hr. 
MicroorganismslMedia 
Enterohacter cloacea 
Enterohocter 
aerogenes 
Edwardsiella spp. or 
Edwardsiella tartla 
E. coli. 
Citroi>acter !rew/{Iii 
Klebsiella spp, orK. 
oxytoca 
Protells spp. or P. 
mirabilis 
Providencia spp. or P. 
slllan; 
Pselldomonas 
fluorescells 
XLD 
Predominantly yellow hut some pink 
colonies. 
Variahle. N.G. or small red colonies. 
Red colonies with normal growth. red 
colonies with hlack centers ohserved 
with E. tartla. 
Good growth with large yellow 
colonies. 
Good growth with colonies varying in 
colour(yellow/orange slightly red 
sometimes with hlack centers). 
Pink tiny colonies hut pink slimy 
colonies with K. oxcytoca. 
Mainly small red colonies. 
Red colonies with normal growth. 
Yellow/pink colonies. good to 
excellent growth. 
DGA 
Good growth with yellow 
large colonies. 
Some restriction in growth 
with small yellow colonies 
n.t* 
Good growth with 
green/yellow large colonies. 
Good growth with large 
yellow colonies 
n.t 
Small red colonies 
Small pink colonies. 
Small green colonies 
*not tested. 3 or more (occasion oily) plates IIsed perorganisl1ls. N.G. No growt". 
DiSA 
N.G 
N.G 
N.G 
N.G. 
Typical Salmonella-like 
colonies without metallic sheen. 
N.G. or very limited growth. 
N.G or slight growth WiOl 
typical colonies. 
Variahle groth with typical 
Salmonella-like colonies 
without lIlethallic sheen. 
n.t 
MCLD 
Good growth with mauve grey 
colonies . 
N.G 
Very limited growtll with grey 
colonies but mauve grey colonies 
with E. tarda. 
N.G. to very limited growth. 
Typical Salmonella-like colonies 
with well growth 
Very limited growth hut typical 
colonies with K. oxcytoca . 
Limitcd or N.G 
N.G 
Very small mauve colonies 
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Results observed with pure cultures (See Table 44) with interfering non-Salmonellae on 
BGA mainly agreed with the Oxoid Manual (1990). i.e. small red colonies were observed 
with P. mirabilis. yellow to greenish-yellow coloured colonies with E. coli. Klebsiella 
spp. and Enterobacter spp. However. Providencia spp. were not mentioned by either 
Oxoid (990) or Vamam and Evans (1991) as interfering bacterial species and some 
isolates gave small pink colonies on BGA. (The modified BGA medium was not used 
which the Oxoid Company suggests since false positives would be reduced to a certain 
extent). This medium does not detect S. ryphi. therefore it is advisable to use it in 
combination with other media such as XLD medium). 
The colour observations with some of these interfering bacteria agreed with the Oxoid 
Manual's commentary on XLD medium. such as Providencia spp. (red colonies) and 
Edwardsiella spp. (red with black colonies which are typical for Salmonella). However. 
Enterobacter spp. (which gave some pink/red small colonies) is not mentioned either in 
this manual or Vamam and Evans (1991) as can be seen from Table 20. This organism 
might be confused with Salmonella under certain conditions. 
Agreement was also observed between the results and published results for BiSA and 
MCLB agar. except that good growth was observed with Enterobacter cloacae with 
greylblack colonies. 
Because of the problems occurring with above mentioned bacteria such as false positive 
reactions and Salmonella inhibition occurring with certain types of media as mentioned 
in the Oxoid Manual (1990); and by Vamam and Evans (1991) (as can be seen in Table 
20). it is advisable to use at least 3 to 4 types of different media in combination for 
Salmonella detection. 
Using at least 5 plates for each selective enrichment proved to be necessary since it was 
often difficult to identify low levels of contamination of Salmonella in the presence of 
high levels of competitive bacteria contamination. For example. in some cases. only I 
out of 6 BGA or XLD plates showing presumptive positives were later confirmed as 
Salmonella positive. 
The traditional method proved to be time consuming and took at least a week for 
Salmonella negative and up to two weeks for Salmonella positive identification under 
normal laboratory conditions. Clear negative results can be observed only if there was 
no interference from other bacteria which are non-Salmonellae. Therefore. there is a 
need for a rapid method for Salmonella identification in fish meal samples. If the 
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traditional method is used then an experienced microbiologist is essential to avoid some 
of problems described above. If such personnel are not available then clearly a more 
easily read and interpreted system is required. 
Three rapid methods were selected on the basis of the manufacturers claims and the 
results of their use by past independent collaborative studies (Holbrook et al. 1989 a and 
b; Lee et al. 1990 and 1989; Van Beurden, 1992). These claims and results stated that 
they were simple, reliable and required less equipment and expertise. These rapid 
methods were Oxoid's Salmonella Rapid Test and two of the most recent rapid 
Salmonella ELISA methods (The Lumac Path-Stick Assay and ELlS A by !FR, Norwich 
Laboratory). 
5.8.2. COMPARISON OF TRADITIONAL METHOD WITH OXOID'S RAPID 
SALMONELLA METHOD: 
The comparison of results between Oxoid's Salmonella Rapid Technique (OS Rn and 
the conventional technique are given in Tables 43, a, b and c, which show the presence 
or absence of Salmonella in 44 naturally contaminated fish meal samples and 6 samples 
spiked with Salmonellae and with non-Salmonella. Some examples of the colour 
observed by both methods are given in Appendix 5. 
It can be seen from the tables with OSRT the colour reactions were not always 
satisfactory for the identification of Salmonella sometimes giving misleading results, 
such as false positives and false negatives. For example, almost 30% of negative colour 
indications in Tube A (no reddening or blackening) were Latex test positive and 4 of 
them (out of 10 naturally contaminated Salmonella positive samples) was confirmed as 
Salmonella positive by the traditional way which indicates the likelihood of false 
negatives. There were also positive or suspect positives (when the colour indication was 
not very clear) with either one or both tubes later confirmed as Salmonella negatives by 
the traditional method. Only a strong positive colour reaction in both tubes or only Tube 
A gave clear Salmonella positive results when it was confirmed. Usually, Tube A was 
positive with the Latex Test and occasionally positive with Tube B. 
Therefore, although only a limited number of samples (50) were tested by both 
traditional and Oxoid's Rapid Technique, it was still obvious that the OSRT does not 
give many advantages over traditional Salmonella analytical methods since this method 
requires confirmation with traditional techniques (which may only save I or 2 days if the 
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samples are strongly positive). Moreover, there is an additional cost (about £5 for each 
test) with OSRT compared to the traditional methods when a presumptive positive needs 
confmnation. 
Holbrook et al. (1989 a and b) reported that true results with OSRT were 99% using 
their criteria compared with conventional and some other commonly used rapid methods, 
such as with TECRA (96%), EQUATE (92%) and BIOCONTROL (89%). However, 
the results of this experiment suggests that in the samples tested here, numerous false 
positives and negatives were observed with this method. Another disadvantage was the 
ability of to detect non-motile Salmonellae which was also reported by Holbrook et at. 
(1989) and Oxoid Ltd. Although it is argued that the food poisoning incident rate with 
non-motile Salmnnella is very low (I %), they are still important since these organisms 
do occur in animal feed or in foods and cause food poisoning. For example S. anatum 
had been isolated from fish meal (CDR reports 1988-1983) and there has been at least 
one incidence of food poisoning caused by S. anatum reported every 3·4 weeks by CDR 
(1983-1993) in England and Wales. 
5.8.3. COMPARISON OF TRADITIONAL METHOD WITH LUMAC 
SALMONELLA PATH-STICK ASSAY: 
Recently, Lumac Co. Ltd. has produced a dip-stick immunoassay method claimed to 
have many advantages over traditional and rapid methods for Salmnnella analysis. They 
have applied this method to bone meal and found good results for Salmonella analysis. 
Therefore, it was aimed to apply this method to fish meal samples for evaluation. 
Tables 45 shows that with the Lumac Path-Stick Assay, 2 out of 8 non·spiked samples 
analysed, and both spiked fish meal samples were clearly positive after the 3rd day of 
enrichment Unfortunately, the remaining non-spiked samples were negative after the 
second day of enrichment Therefore, a third day of enrichment was necessary to 
observe reliable results. The spiked samples were strongly positive even after second 
day of enrichment The tests carried out with pure cultures are shown in Table. 46 and 
from the results observed there seemed to be no false positives (i.e. interferences from 
non-Salmnnellae) although the concentrations of three main interfering bacteria species 
used were above the detection limit for Salmnnella (> 106 cfu/ml). The results confmned 
published results of Van Beurden (1992) for detection limits. 
Although some naturally contaminated samples (See Table 45 and samples 1, 3, 4, 6) 
gave clear negative results with the Path-Stick assay, however, false presumptive positive 
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results were observed with the traditional method at selective enrichment stage indicating 
that the Path-Stick assay has some advantage over the traditional methods. It took about 
15 days to clear these samples with traditional method as negatives, confinning the 
results of the Path-Stick assay. Therefore, it was concluded that there is no need for 
confmnation of the Luniac Salmonella test with conventional cultural techniques 
compared to the Oxoid Rapid Technique. Another advantage of Lumac test kit over 
Oxoid's Test kit is being able to detect non-motile Salmonella such as S. anatum because 
the Lumac test does not rely on Salmonella motility. 
However, more tests need to be carried out to check the techniques ability to recover 
Salmonella in 25 or 50 g fish meal samples and the method may need to be further 
developed to shorten the incubation time. Because this method was not as rapid as some 
other techniques (which have been described in literature review, Sections 2.3.5.2. -
2.3.6.3.), further study of the method has been continued by the researchers of the 
Lumac Company. Fig. 35 shows examples of the positive and negative results by Lumac 
Salmonella Path-Stick Assay. 
So far, there is very little publication and independent experimental trials on this method. 
One independent published work was carried out by Beumer et al. (1992) who showed 
that the specificity of this method was high (98.6%) compared to some other commonly 
used rapid methods, such as Transia (85.5%) and Organon (82.6%). However, it seems 
that no publications exist on its application to fish meal, therefore the results of this 
experiment have a significant value to other researchers and food industry especially to 
fish meal companies. 
(a) Salmonella Positive Test (b) Salmonella Negative Test 
Fig. 35: Examples to the Dip-Sticks of Lumac Test kit showing positive and negative 
results with (a) Salmonella typhimurium, (b) E. coli. The upper band of the positive dip-
stick represents a control show that the test was carried out correctly. 
Table. 45: Comparison of Lumac Path-Stick Assay with Traditional Salmonella methods for 10 samples analysed. 
Lumac Path-Stick Assay Traditional Mcthod 
Samples Final Observation (after 3 d) Presumptive Results Final Confirmation 
I. Fresh Cod meal (Lab. sample) negative + [weak susp_ect) - (E. coli) 
2. Fresh mackerel meal (Lab. sample) negative - (no suspect) Not confirmed. 
3. Aged fish meal (Commercial, batch *suspect (very slight band) + (weak suspect) - (Citrobacter spp. or E.coli) 
n 
4. Aged fish meal (Commercial batch *suspect (very slight band) + (weak suspect) - (Proteus spp. or Klebsiella 
2) spp.) 
5. Fresh fish meal (Commercial batch 1) positive (visible band) +. (stron~ SUS{lCCl) + [S. _ tyjJhimuriuml 
6. Fresh fish meal (Commercial) batch negative + (weak suspect) - (Citrobacter freundii) 
2 
7. Aged fish meal (Commercial batch negative - (No suspect) Not confirmed. 
3) 
8. Fresh fish meal (Commercial batch positive (slight band) + (strong) + (Salmonella spp.) 
3) 
9. Spiked fish meal with >106cfu/g S. positive + (strong) + (S. typhimuriu/ll) 
fYphimurillm 
10. Spiked fish meal> 106cfu/g S. positive + (strong) + (S. hadar) 
hadar -
(+) positive, (-) negative. * bands were only clear 3 days after test was pe/formed. All the samples (except spiked samples) tested after 2 days 
for Salmonella with Lumac test and showed negative. 
--.J 
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Table. 46: The results of two concentrations of pure cultures of Salmonellae and non-
Salmonellae in BPW test solution tested by Lumac Path-Stick Assay. 
Bacteria spp. in BPW >106 cful,nl <106 cfulml 
S.al:ona + -
S. anatum + -
S. berta + -
S. dublin + -
S. enteritidis + -
S. hadar + -
S. indiana + -
S. inJantis + -
S. virchow + -
S. tYphimurium + -
CitrobacterJreundii - -
E. coli - -
Enterobacter cloacae - -
(+) represents positive Salmonella detection presenting a visible band. (-) represents 
negative Salmonella detection with no-visible band. > and < J(P cJulml represents 
the detection limit of the method for Salmonella. 
5.8.4. COMPARISON OF ELISA WITH THE TRADITIONAL METHOD: 
Evaluation studies (including specificity, sensitivity, reproducibility etc.) of ELISA for 
Salmonella analysis produced by IFR, Norwich Laboratory were carried out in 
collaboration with staff at the Institute. Full information about the evaluation of this' 
method was published recently by its developers (Wyatt et al. 1993). The following 
table shows positive or negative results observed with pure cultures and fish meal 
samples (Table 47). 
All 16 naturally contaminated fish meal samples analysed were negative by ELISA (IFR) 
method (see Table. 47) which also agreed with the results observed by the traditional 
method. The ELISA method only took 24 hr to obtain positive and negative results, but 
with traditional method could take up to a week for negative and two weeks for fmal 
positive result conf1ITllation. Furthermore, the ELISA method was simpler (taking less 
time and easier to perform) compared to the traditional method. The cost of this method 
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is as yet unknown, since it is still at the stage of interlaboratory trials before official 
approval and commercialisation as test kits for Sai1tUJnelia analysis. 
Comparing the IFR-ELISA method to OSRT and the Lumac Path-Stick Salmonella 
assay and the traditional methods, it is the most suitable method in terms of time and 
simplicity and specifity. It takes 2-3 days less than Path-Stick assay. It is also much 
simpler and far less time consuming than the OSRT and the traditional methods, which 
can take from 3 up to IS days for full Sai1tUJnelia identification procedure. 
Wyatt et al. (1993) reported that although several other ELISAs are available 
commercially (such as from Organon, Teknika, Cambridge, UK., Tecra, Bio-Merieux 
Ltd, Basingstoke, UK, and Rhone-Phoulenc Diagnostics, Glasgow, UK) each of these 
still uses multistage culture of food sample and a post selective enrichment broth as an 
additional step. Such protocols add to the complexity and length of the procedure, and 
savings on conventional procedures are possible with the ELISA produced by IFR. 
The detection limit of this method for S. enteritidis (which is the most important strain in 
the UK) was about SxlO2 cells/m!. Previously, the same workers also reported (Lee et 
al., 1990) that this method can detect low numbers in food (10 cells/2Sg) of S. 
typhimurium in 19 hr. 
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Table. 47: Some examples of positive and negative samples analysed by ELISA (lFR) 
and Traditional method. 
Samples ELISA Traditional Methods 
After 24 h Presumptive Serological Test Confinnation (after 
3-ISd) 
I negative negative n.d n.d 
2 negative negative n.d n.d 
3 negative positive negative n.d 
4 negative positive negative n.d 
S negative suspect negative n.d 
6 negative negative n.d n.d 
7 negative negative n.d n.d 
8 negative negative n.d n.d 
9 negative positive suspect Klebsiella spp. 
10 negative negative n.d n.d 
11 negative positive negative n.d 
12 negative positive negative n.d 
13 negative negative suspect Proteus spp. 
14 negative negative suspect E. cloacae 
15 negative negative n.d n.d 
16 negative positive negative n.d 
17*1 positive positive n.d n.d 
18*2 positive positive n.d n.d 
19*3 positive positive n.d n.d 
20*4 positive negative n.d n.d 
21*5 positive positive positive S. typhimurium 
22*6 positive positive positive S. enteritidis 
23*7 negative negative negative C. freundii 
24*8 negative negative negative E. cloacae 
25*9 negative negative negative E. coli 
(n.d) represents not determined results. 
*1; Mixed feed spiked with S enteritidis 17.6 cfulgram feed. *2; Mixed feed spiked with 
S. typhimurium, *3; Mixed feed spiked with S. livingstone 12.5 cfulgram feed, *4; 
Mixed feed spiked with S. kedoagou 26.4 cfulgram feed. * 5; Fish meal spiked with S. 
typhimurium 4.9 cfulgram feed. *6; Fish meal spiked with S. enteritidis. *7 Negative 
control with Citrobacter freundii. *8; Negative control with Enterobacter cloacae. *9; 
Negative control with E. coli. Artificially contaminated mixed poultry feeds were 
provided by M. Binton of the University of Bristol. 
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5.9. DETECTION OF E. coli 0157:H7 
This work was conducted to estimate the presence or the absence of E. coli 0157:H7 in 
the fish meaL There is little current information concerning the presence of E. coli 
0157:H7 in fish meal specifically but it is still felt that there could be a likelihod of this 
pathogen being a problem. Concerning its detection there has been no published data on 
applying the Lumac assay method to fish meal. 
According to the results (Table 48), no E. coli 0157:H7 was detected in narurally 
contaminated fish meal samples from 28 different batches. The two spiked samples 
(Sample No. 15 & 16 in Table. 48) with E. coli 0157:H:7 gave positive results with 
both methods. The positive results with the Lumac test of spiked samples were observed 
after 2 days, and naturally contaminated samples tested after 2 and 3 days. Samples 
showing presumptive negative results by the traditional method (SMCA negative) were 
not tested with Lumac method after 3 d, and the enrichment tubes containing no gas 
were accepted as negative which were also not tested with Lumac method. Both Lumac 
and traditional methods agreed with each other in terms of positive and negative results. 
The Lumac test has the advantage over the traditional technique of being simple to 
perform and taking 1 or 2 days less than traditional method to observe positive and 
negative results. According to personal communications with Or. Van Beurden 
(January, 1993), this method is still under development for evaluation tests (some fish 
meal samples were sent to the company for testing). The Lumac test is similar to the 
SallrWnella Path-Stick assay in performance and interpretation of the results, except that 
a single band is observed if the sample is positive, no band is obs,erved if the results are 
negative (See Fig. 36). 
[ ( ~) 
(a) positive band (b) Negative band 
Figure. 36: A typical positive and negative dip-stick by Lumac ELISA rapid test kit for 
E. coli 0157:H7. 
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Table. 48: Comparison of Lumac Path-Stick Assay with Traditional method for detecting 
E. coli 0157:H7 in fish meal. 
Samples Lumac Traditional Method 
After 2 d After 3 d BOB LSB SMCA LT 
1 negative negative ++ ++++ positive negative 
2 negative negative ++ +++ positive negative 
3 negative negative +++ +++ positive negative 
4 negative negative + - negative negative 
5 negative negative +++ ++++ positive negative 
6 negative negative ++++ +++ positive negative 
7 negative negative + + positive negative 
8 negative negative +++ + negative negative 
9 negative negative ++ +++ negative negative 
10 negative negative ++ ++++ positive negative 
11 negative negative + + negative n.d 
12 negative negative + + negative n.d 
13 negative negative +++ ++ positive negative 
14 negative negative - +++ negative n.d 
15* positive n.d +++ ++ positive positive 
16* positive n.d +++ +++ positive positive 
17 negative n.d + + negative n.d 
18 negative n.d ++ + negative n.d 
19 negative n.d + + negative n.d 
20 negative n.d + ++ negative n.d 
21 negative n.d + ++ negative n.d 
22 negative n.d - + negative n.d 
23 negative n.d ++ + negative n.d 
24 n.d n.d - - negative n.d 
25 n.d n.d - - negative n.d 
26 n.d n.d - - negative n.d 
27 n.d n.d - - negative n.d 
28 n.d n.d - - negative n.d 
30 n.d n.d - - negative n.d 
31 n.d n.d - - negative n.d 
n.d represents of the not determmed results. (-) no gas observed. (+) very smllll amount 
gas observation. (++) reasonable gas observation. (+++) high amount gas 
observation. (++++) very high amount gas observation. (BGB) Brilliant Green Broth. 
(LSB) Laury/ Sulphite Broth. (SMCA) Sorbitol MacConkey Agar. (LT) Latex Test. * 
Spiked samples with E. coli 0157:H:7 (55 cful25 g). 
184 
5.10. GENERAL DISCUSSION: 
It was aimed to investigate toxins (which are of microbial origin) and pathogens in fish 
meal production in relation to human and animal health and subsequently to the food 
industry, animal farmers and government. To achieve this the first aim was to evaluate 
and modify, if necessary, the most current and commonly used analytical methods for 
both toxins and pathogens in this product. 
As indicated in the literature review for histamine, fluorometric, colorimetric, TLC and 
HPLC methods had the most common applications in foods for histamine analysis. The 
colorimetric method, TLC method because of their broad application for screening of 
histamine and HPLC due to its ability to detect histamine-like amines together with 
histamine were evaluated in this study. The fluorometric method has similar advantages 
and disadvantages to the colorimetric method. but it is more sensitive because it analyses 
low (ng) levels of histamine. However, such sensitivity is not necessarily required for 
fish meal in which high amounts are naturally expected, and more care is needed for this 
method compared to the colorirnetric method because of its sensitivity. However, in 
terms of ease of use, the TLC method may have advantages although quantification still 
remains a problem. 
The original colorimetric method of Hardy and Smith (1976) worked effectively when 
applied to fish flesh with slight modifications. These modifications were at the stage of 
preparing the diazotization solution (using p-bromoaniline - particularly from Aldrich 
Co., dissolved in IN HCI instead of using cone. HCI used previously) and at the 
absorption reading (warming cells a few seconds before reading in order to avoid 
condensation). The recovery of histamine using this method was good, and with spiked 
cod fish as high as 87%. It is estimated that at least 15 samples could be analysed in a 
day by a well organised worker. The most critical time saving step was the colour 
observation step. 
However, two main problems occurred when this method was applied to fish meal. 
These were difficulties in fIltering the homogenate and column separation after 
neutralization of the sample aliquo!. Several tests were carried out to solve these 
problems. Later this method was modified by centrifugation of the homogenate (of the 
sample in TCA) at 12,000 rpm (23,000 g) for about 15 mins, then, after neutralization 
the sample aliquot was fIltered before column separation. This process produced a clear 
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solution which ran quickly ihrough ihe column. It was further discovered ihat ihese 
interferences occurred because of calcium arising from bones naturally occurring in ihe 
product. The experiment results suggest that calcium in the sample reacts with KOH 
when used for neutralisation of the filtrate before column separation and results in a 
precipitate which might be calcium hydroxide. Parry (Personal communication, 1990) 
also experienced ihese column and filtration problems when analysing histamine in bony 
anchovy samples. However he did not search for ihe reason behind ihis problem. 
Therefore, ihis study offers a guideline to oiher workers who either have already 
experienced or will experience ihese problems in analysing histamine in fish meal or other 
products containing bones or high calcium content 
Code and McIntire (1956) reported that ihe use of 10% TCA for histamine extraction 
was suitable for most purposes. They also suggested ihat 5% TCA was necessary for 
tissues and blood samples. Later, Rosier and Van Peteghem (\988) used 5% of TCA for 
extraction of histamine and histamine-like amines prior to HPLC analysis. Therefore, the 
efficiency of using several concentrations of TCA was tested and it was found ihat 2.5% 
TCA was sufficient to extract histamine from fish meal. This result confirmed ihat the 
concentration used by Hardy and Smiih (1976) and later used by Al·Kasadi (1984) and 
Ah-Weng (1988) for fish samples is appropriate for fish meal. 
Alihough the original colorimetric meihod uses 10 g of sample in 100 ml of TCA, oiher 
workers, such as Al-Kasadi (1984) and Ah-Weng (1988) doubled ihe sample size to 20 g 
and volume to 200 m!. Alihough ihis increased sampling size may be necessary for 
samples with a high moisture content such as fish flesh ihe work reported here indicates 
ihat it is unnecessary for fish meal. Similar results were observed with the procedure for 
moisture content determination used by ihe above workers for fish flesh. It was found 
that using sand and alcohol treatment was not necessary for ihe moisture content 
determination in ihe fish meal. In fact, the coefficient of variation and the reproducibility 
of the results were better wiihout ihis treatment for fish meal. This is because of the 
losses which may occur by stirring with glass rods in ihe original meihod. Unfortunately, 
the original meihod is necessary for ihe determination of moisture content in fish flesh 
since a uniform temperature is needed. Fish meal samples do not require ihis treatment 
because of iheir powder-like nature. 
The modified colorimetric method worked effectively for histamine analysis when applied 
to fish meal. 90% recovery was observed when using an appropriate aliquot for ihe 
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column according to the expected histamine level in the fish meal. More time was 
needed for high sample output since centrifugation was necessary. However, at least 10 
samples could be analysed in a day by a well organised worker. 
Enzyme Linked hnmunoassay has not been recognised as an official analytical method 
for histamine analysis yet, its recent application to histamine analysis of biological fluids 
and more recently, food samples by Rauch et aI., (1992) and the promising results 
observed from this work show that in the very near future immunoassays could also be 
widely used in histamine analysis in fish and fish meal. As mentioned in detail in the 
literature review, this technique has many advantages over other analytical techniques 
and the same advantages will apply to histamine analysis. 
According to ELISA results observed in the work reported here for antibody production 
against histamine, the best antisera were produced from the rabbit Yellow using the 1st 
conjugation method for immunogen. However, the highest histamine displacement result 
was observed when using this antiserum against its heterologous coating conjugate, 
which was synthesized by the 2nd method (through C-2 of histamine) if the low hapten 
density of this conjugate was used. 
As explained in the literature review, Mita et al., (1984) argued that antibodies to 
histamine and histamine conjugates cannot be produced by using a diarotizing method 
for conjugation of histamine through C-2 carbon of the imidazole ring or -NH2 group. 
The experimental results of this work suggest otherwise and show that reasonable 
antibody can be produced to histamine and histamine conjugates with both methods with 
small changes. These were using different bridging groups for coating conjugates, which 
help to reduce the non-specific binding which may occur due to bridging groups, and 
freeing the protected -NH2 group after diazotiziation. In Mita's procedure, this group 
was left protected (which might have an effect in antisera production as explained in 
detailed in the methodology section of this work and Section. 2.2.6.2.). There is also a 
possibility that using either different bridging groups or different alternative ELISA 
formats with the same antisera produced, such as trying to link histamine to covalink 
plates of Nunc hnmuno Modules Cat. No: 479042 (S~ndergiird-Andersen et al. 1990; 
Nunc Inter Med, 1992; and Von Miirtelbauer and Terplan, 1987) could reduce the 
antisera binding which occurs with bridging groups and could improve the sensitivity and 
reproducibility of the assay. According to the results, the produced assay could 
determine pg/ml levels (as low as between 50-500 pg/ml) of histamine in standard 
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solution when compared to the current and most acceptable methods which was very 
good. As mentioned in the literature section, the method of Rauch et ai, (1992) could 
determine histamine in some food samples at the lowest concentration of 7 nglml. The 
method developed by Hammar et ai, (1990) can also determine histamine at ng levels (2 
nglml) which is not as low as the assay developed here. This assay appears to have the 
same sensitivity as the method of Guesdon et al. (1986). 
Although higher displacements occurred with coating conjugates using KHLH, it is best 
to avoid using this protein because of poor solubility. Different serum proteins from 
different sources for coating conjugates other than the ones already used could also be 
tried. Another possibility is that KHLH could be used to conjugate the immunogens 
rather than BSA, which was used in this work. 
However, because of time limitations, this work has not yet been completed. The next 
step of this work is to test the interfering substances (chemicals) such as histidine, 
spermidine, methyl-histamine in the assay, evaluation of the assay and application to fish 
meal and fish samples or other food samples. Other factors need checking such as the 
interfering background effects from these different food matrices and interferences from 
the different chemicals used to extract histamine from those food samples. The recovery, 
reproducibility, sensitivity and the comparison of different analytical methods should also 
be investigated when applied to food samples. It is possible that this method might also 
have biomedical applications, such as detection the level of histamine in biological 
samples. 
Histamine could be detected from the gills, guts and heads of the spoiled mackerel as 
also mentioned by Middlesbrook et al. (1978). However, it appears that little or no 
information exists in the literature review concerning the presence of histamine in the 
same parts of cod fish which this study demonstrated. The results of this work also show 
that histamine from the gills, heads, and guts of spoiled cod fish concentrates into 
stickwater meal when it is processed. No histamine was found in the cod fllIet (either 
spoiled or unspoiled) meal which agrees with other workers (Amold aod Brown, 1978; 
and Taylor, 1986) since previous reports of histamine levels in fish and fish meal relate to 
Scombroid fish or fish containing high histidine levels, such as mackerel. The results of 
this study demonstrate that whole cod fish might contain sufficient levels of histamine to 
create a problem. 
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Histamine levels increased with time at varying temperatures in spoiled fish or other 
products (Amold and Brown, 1976; Baronowski, 1985; and Taylor, 1986). This study 
provides new information on the effect of processing and storage conditions on histamine 
levels in fish meal, which has not been available previously. Without using polyethylene 
bags, it was also discovered that mould growth can occur at high humidities and 
temperatures with resulting rapid decrease in histamine levels. This suggests a new 
aspect of contamination by aflatoxins or other mycotoxins which might introduce new 
problems to poultry farmers where high temperatures and relative humidities are 
encountered. 
Holbrook et al. (l989a and b) has reported that analysis of Salrrumella takes between 42 
to 49 hr with Oxoid's Rapid method compared to conventional methods. However, this 
study suggests that should confirmation be required, considerably more time is needed 
since this method requires confirmation with traditional methods. This study 
demonstrates that, at least for fish meal, the OSRT may not be wholly appropriate, since 
it is unable to detect the presence of non-motile Salrrwnellae (Oxold, 1989 and 1990) 
although there may be other reasons. 
In the work reported here, the Lumac Path-Stick assay for the first time was applied to 
fish meal samples and worked effectively. However, the method is still under 
development. Lumac has reported (Personal communication, 1992) suggested protocols 
for bone meal for Salrrwnella detection. The same company has also developed a dip-
stick assay for detection of E. coli 0157:H7 (since it was the principal enterovirulent E. 
coli associated with foods, Doyle, 1991b). The studies carried out in this project were 
part of the development of the method and included its frrst application to fish meal 
samples. 
Salrrwnella analysis by ELISA was very suitable for Salrrwnella detection in fish meal 
and other food products as reported by Wyatt et at. (1993). This study describes its frrst 
application to fish meal. 
Overall, the ELISA (by IFR) is recommended for Salrrwnella detection in fish meal since 
it is sensitive, reliable, easy to use and large numbers of sample can be detected. The 
complete assay takes about 24 to 33 hr which appears to be the quickest method 
compared to other rapid and traditional Salrrwnella analytical methods. It is expected to 
be commercially available in the very near future as reported by Morgan (Personal 
communication, 1993). 
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6. CONCLUSION: 
I. Sample ftItration and column separation problems occurred with the current 
colorimetric method of Hardy and Smith (1976), also commonly used by other workers, 
when applied to fish meal containing bones due to the presence of calcium. 
2. The method was modified by centrifugation of the sample homogenate and ftItration of 
the aliquot after neutralisation before running through a column. 
3. Using a concentration 2.5% TCA, decreasing the sample size (from 20 g to 5 g) and 
TCA volume (from 200 ml to 50 ml) did not have any significant difference on the 
colorimetric method of histamine analysis. 
4. The modification of moisture content procedure without sand and alcohol treatment 
was simpler and gave a better coefficient of variation than the original procedure. 
5. The modified colorimetric method proved effective in the routine analysis of histamine 
in fish meal in terms of suitability to commercial companies requirements, since it was 
cheap to run and required less expertise. 
6. TLC could be used as a second alternative for screening purposes for histamine in fish 
meal and other foods. Although it worked effectively with fish meal it requires overnight 
incubation of the TLC plates for colour development, and a densitometer and TLC 
spotter for accurate quantifications. 
7. Although a HPLC method was suitable for analysing histamine and histamine-like 
amines together, it would prove unsuitable for the requirements of industry since it 
requires high technical skill and expensive equipment and would only be able to analyse 6 
sample in more than a day under optimal conditions. 
8. A successful attempt was made to raise antibody to histamine for the development of 
an ELISA for histamine analysis in fish meal or other foods. 
9. Sufficient antisera was raised to histamine to give a 67% displacement with histamine 
standards. This results suggest that an ELISA format can be developed using antisera 
produced and synthesized coating conjugates and would detect histamine at pg levels in 
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the analysed samples. The evaluation of this assay for food samples was suggested as a 
future work. 
10. The type of fish (whether or not it contained high histidine which would be 
decarboxylated to histamine) used in the raw materials and the spoilage of the raw 
material used in fish meal production had an important effect on the histamine level in the 
end product. 
11. Most of the histamine was concentrated in the stickwater meal during processing. 
12. Although no histamine was found in cod fillet meal, reasonable amounts of histamine 
were present in the gills, heads and guts of spoiled cod and stickwater meal. 
13. Although a slight increase occurred in the histamine level with cod meal during 
processing there was some loss with mackerel meals. The increase may originate after 
cooking process in the fish meal production as a result of bacterial recontamination or 
chemicaVenzymatic reactions. 
14. The reason for a decrease in histamine levels could probably be due to histamine 
sticking to the equipment used for processing or break down to its metabolites or 
converts to gizzerosine possibly during drying or cooking. No increase occurs in the 
histamine level during storage of fish meal, but histamine level decreases rapidly at high 
temperatures and humidity and gradually at low temperatures and humidities. 
15. Histamine level also decreases at high humidity and temperatures also resulting in 
heavy mould growth during storage of the product. Therefore, these results indicate that 
control in histamine levels in fish meal should occur at the raw material stage. 
16. Bacterial contamination can occur after cooking during fish meal production. 
Histamine forming bacteria and Salrrumella were present (such as S. typhimurium) in 
several batches of fish meal, but no E. coli 0157:H7 was discovered io the analysed fish 
meal. 
18. The traditional and Oxoid's Rapid Salmonella Test analytical methods were found to 
be time consuming and other non-Salmonellae interfered with these methods in various 
ways. 
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19. The Lumac dip-stick immunoassay was simple and efficient in detecting Salmonella 
in fIsh meal, however, it was not as rapid as the ELISA since it takes three to four days 
to complete. 
17. The ELlS A produced by IFRI, Norwich Laboratory was found the most suitable 
method for Salmonella analysis since it was sensitive, specifIc and took about one day to 
complete. 
20. The method produced by Lumac company worked with fIsh meal in detection of E. 
coli 0157:H7, as demonstrated in this study but further evaluation tests are needed 
(which are being carried out by Lumac Co. at the present). This is could be due to 
problems relating to resuscitation of the organism since pure cultures could be isolated 
but no other isolations were made. However, it is also possible that the organism was 
not present anyway. 
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7. SUGGESTED FUTURE WORK: 
Further investigation of histamine and histamine-like amines in fish meal with known 
history and quality of raw materials including the type of fish used. 
Investigation of the presence and formation of gizzerosine in fish meal. 
To carry out feeding trials with animals, especially poultry to observe the effect of 
histamine, gizzerosine to support the past trials carried out by other workers. 
Further investigation of the effect of mould growth on histamine changes in fish meal as 
well as other foods. 
To carry out more research on the presence and/or development of aflatoxin and other 
mycotoxins in the fish meal which goes mouldy at high temperatures and humidities. 
To extend this work with pure cultures with known mycotoxin producers. 
To carry out more research on pathogenic E. coli 0157:H7 and perhaps other types of 
food poisoning organisms for their presence and survival in the fish meal which perhaps 
would relate to animal or human food poisoning. 
Study the effectiveness of competitive exclusion and other possible control 
. measurements for Salmonella and pathogenic E. coli 0157:H7 from poultry and other 
food animals, which would be perhaps cheaper to apply at later stages in the food chain. 
To carry out further work on the detection and isolation methods for E. coli 0157:H7. 
To improve the sensitivity and reproducibility of the produced immunoassay by using 
either different bridging groups or different alternative ELISA formats with the same 
antisera produced, such as trying to link histamine to "covalink" plates of Nunc Immuno 
Modules Cat. No: 479042. To investigate the interfering substances such as histidine, 
spermidine, methyl-histamine with the assay, evaluation of the assay and application to 
fish meal and fish samples or maybe other food samples. To check other factors, such as 
the interfering background effect from these different food matrices and interferences 
from the different chemicals used to extract histamine from those food samples. Further 
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investigation of the recovery, reproducibility, sensitivity and the comparison of different 
analytical methods after application to the food samples. To try different serum proteins 
from different sources for coating conjugates other than the ones already been used. One 
other possibility is that KHLH could be used to conjugate the irnmunogens rather than 
BSA, which was used in this work. 
r 
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APPENDIX 
APPENDIX: 1 
The average temperature and relative hwnidity readings in England and some cities of 
Turkey (supplied from Leeds Weather Centre, 1990). 
Countries Average Temperature Relative Months 
Readings °C Humidity (%) 
England 
daily 21 77 August 
highest 26 85 October 
recorded 
33 77 August 
29 80 May 
Turkey 
Samsun daily 26 73 July 
highest 37 79 May 
recorded 
Istanbul daily 21 82 May 
25 79 June 
28 79 July-August 
highest 22 82 February 
recorded 
28 81 March 
41 79 August 
38 81 October 
33 83 November 
APPENDIX. 2: PREPARATION OF SOME OF THE MEDIA USED FOR 
MICROBIOLOGICAL ANALYSIS. 
SALMONELLA CHEMICALLY DEFINED MEDIUM (SCDM): 
It was prepared as follows; 
Solution A: 
(gII) 
(NH4)2S04 10.0 
Na2HP04 30.0 
KH2P04 15.0 
NaCl 15.0 
Na2S04 0.055 
SQIl!liQ!l :El: (gII) 
MgCI2 0.025 
CaCl2 0.013 
FeC13.7H20 0.0006 
Yeast extract 0.0125 
Following amino acids as 0.31 gII each; these are DL-tryptophan, L-histidine, L-
proline, L-threonine, L-arginine, glycine, DL-a-alanine and L-methionine. 
After being adjusted to pH 7.2, solutions A and B were autoclaved separately; then 
100 ml of solution A was added to 400 ml of solution B. Finally, this mixture was 
supplemented with 10 ml of 25% (wt/vol) filtered sterilized glucose. 
2. MODIFIED NIVEN'S MEDIUM (Ref. ): 
Tryptone (Difco) 0.5% 
Yeast extract (Difco) 0.5% 
L-Histidine.2HCI 2.7% 
NaCl 
CaC03 
0.5% 
0.1% 
Agar 2.0% 
Bromocresol purple 0.006% 
pH addjusted to 6.5 
APPENDIX. 3: BUFFERS 
1. Phosphate-buffered saline containing Tween CPBSn 
NaCI 8.0 g 
KH2P04 0.2 g 
Na2HP04 1.14 g 
KCI 0.2 g 
Tween 20 0.05% v/v 
Kathon 0.9ml 
Distilled water 1 litre 
pH 7.4 
2. Car!lQnatl< buffer; 
Na2C03 1.59 g 
NaHC03 2.93 g 
Distilled water 1 litre 
pH -9.6 
3. Tris buffl:red-salim:; 
Tris 12.1 g 
NaCI 8.2 g 
Distilled water 1 litre 
Tween 20 0.05 % v/v 
Kathon 0.9ml 
pH 7.3 
Tween was not being used if it was for coating plates. 
4. PhQsphatl< buffer' 
0.1 M Na2HP04 
0.1 M NaH2P04 
pH 
It was adjusted pH=7.3. 
5. Acetate buffer; 
36ml 
14ML 
7.2 
0.2 M Sodium acetate and 0.2 M Acetic acid in 1 litre of distilled water. pH is adjusted 
, 
to 4.63. Normally equal volume from each of the above solution mixed together would 
give the right pH. 
APPENDIX. 4: STATISTICAL ANALYSIS 
a. Statistical analysis of Table. 28 using two series up to 8 replicates. 
Anova: Two-Factor With Replication 
Summary I I 
S+S+D S+D Total 
Tria 
Count 8 8 16 
Sum 46.32 46.01 92.33 
Averal!e 5.79 5.75125 11.54125 
Variance 0.2486571 0.0061268 0.2547839 
Trial 2 
Count 8 8 16 
Sum 46.32 46.11 92.43 
Average 5.79 5.76375 11.55375 
Variance 0.2486571 0.0101125 0.2587696 
total 
Count 16 16 
Sum 92.64 92.12 
Average 11.58 11.515 
Variance 0.4973143 0.0162393 
Source of Variation SS dj MS F P-value F cri 
Sample 0.0003125 1 0.0003125 0.002434 0.9610019 4.1959822 
Column 0.00845 1 0.00845 0.0658159 0.7994048 4.1959822 
Interaction 0.0003125 1 0.0003125 0.002434 0.9610019 4.1959822 
Within 3.594875 28 0.1283884 
Total 3.60395 31 
b. Statistical analysis of Section.S.l.2.4. 
Anova: Two-Factor Without Replication 
Summar}, Coun Sum Avera)1e Variance 
Row 1 3 112.46 37.48667 1.498033 
Row 2 3 117.02 39.00667 2.719033 
Row 3 3 116.53 38.84333 2.378033 
Column 1 3 118.34 39.44667 0.388433 
Column 2 3 114.24 38.08 4.3441 
Column 3 3 113.43 37.81 1.6417 
Source OJ SS dj MS F P-value Feri 
Variation 
Rows 4.177622 2 2.088811 0.974845 0.451993 6.944276 
Columns 4.619356 2 2.309678 1.077923 0.422226 6.944276 
Error 8.570844 4 2.142711 
Total 17.36782 8 
Samples were calculated as /1g/100g. 
APPENDIX. 5 
APPENDm5 : 
Plates I to 6 showing the reactions obtained in Salmonella analysis using tradjtional 
culture method. 
Plate. 1: Typical reactions obtained from pure culture of S. typhimurium on BiSA, BGA 
and XLD medium. 
1 
'2 
Plate. 2: Typical reactions obtained from pure cul~~es of.(l) Ente.robacter cloacae; (2) 
E. coli ; (3) Salmonella spp.; (4) Citrobacter freundu on B1SA medIUm. 
-- -
Plate. 3: Typical reactions obtained from pure cultures of (I) Blank, (2) Citrobactl'r 
frellndii (3) Enterobacter cloacae, (4) E. coli, (5) Salrrwnel/a ryphimurium on XLD 
medium. 
-
-~ 
--
. . ns obtained from pure cultures of (I) Blank. (2) E. coli, (3) 
Plate. 4: Typical reacUo b I (5) Salmon el/a rYl'illl1111rill11l on BGA Citrobacter jrellndii, (4) Entero aeter C oaeae, . 
medium. 
Plate. 5: Results obtained from pure cultures for Salmcnella spp. and Enterobacter spp. 
on XLD an GA. Note the reaction for E. cloacae which may be confused with 
Salnwnella under same circumstances. 
Plate: 6: Results obtained for E. cloacae on XLD and BGA, which may be confused with 
Salmcnella. 
The plates 7-14 showing results obtained in Salmonella analysis using OSRT and 
selective media 
1 
Plate. 7: Oxoid Salmonella Rapid Test showing results for a typical Salmonella positive 
reaction after 48 hr at 42°C. 
Plate. 8: OSRT showing typical results for E. cloacae. 
Plate. 9: OSRT showing typical results for E. coli. 
Plate. 10: OSRT showing typical results for Cirrobacter freundii. 
1 
Plate. 11: Oxoid Salmonella Rapid Test showing results for (B) Blank; (5) Salmonella 
positive sample but false negative in OSRT (S. anatum) and (1) positive results for S. 
typhimurium. 
Blank 
Plate. 12: Oxoid Salmonella Rapid Test showing typical results for a Salmonella positive 
sample. 
Plate. 13: Oxoid Salmonella Rapid Test showing typical results for a Salrrwnella 
negative sample. 
8 
Plate. 14: Oxoid Salrrwnella Rapid test showing a typical Salmonella positive results but 
note that Tube B does not have red colouring although Tube A has black colour. 
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ANALYSIS OF FISH HEAL FOR HISTAHIHE Aim RELATED BIOGENIC 
AHIHES. POSSIBLY ASsoCIATED WITH HISTAHIIIE POISONING OR 
GIZZARD EROSION IN.PoULTRY . 
. Kose S ; M.J. KDowles; P.R. Hiskin BDd p.C, Qyantick 
Humberside polytechnic 
Nun's Corner 
Grimsby 
S. Humberside 
Great Britain 
A. INTRODUCTION 
Fish me31 is a high protein feed supplement which is mixed with the other feed supplements to produce a 
balanc~ diel for livestock. such as poultJy, pigs and fish. About ODe third oflhe world fish catch has been 
reported as being used (or fish me31 production (TDRI. 1982). 
Hi:o;tamine poisoning has been reponed in humans for m311Y yem and il b:tS been 3. very imponant topic for 
research investigators over the last 60 yem>. A deuiIed review of histamine poisoning was published in CCR, 
by Taylor (1986). According 10 many ~earchers (Shifrine rf al. 19:59; HarT)' et al. 1973; Miyuaki &: Umera. 
1987) histamine is produced by histidine d«:uboxylation. possibly by bacterial or eazymatic action during 
spoilage. 11 has O1l.so been reported that histamine· like amines play ID important part in histamine poisoning, 
SUch as pu~ine. cadaverine and spennidine. (Kjm and Bejaldanes. 1979). 
In 1959. Shifrioe et al. first R:ported thaI: hi:stamioe in tuna me31 caused poisoning in ehieks wben fed aI 30% of 
the diet. Th:i.s was manifested by rapid loss of weigbt and occasional death!:. Since 1979, thiJ type oC toxicity 
incidence has been widely reported. and is called gizzard erosion (GE) or black: vomiting due to the Jmseoee of 
black vomit in gizzanb of affected chickens (Harry et al. 1975). Miyazalc:i &. Umera 1987; bave described the 
common signs of disease as: toss of appetite. dehydration and liStlessness. Pale bin:b: will appear about two 
weeks after onset of clinical black vomit. '!be lesioos are Couod in the gizzard. crop and proventriculus oC 
chicks and often contain a black. watery fluid. When the bird is held upside-doWD, thiJ fl:uid rum from the 
mouth. Ulcers may be seen in the gizzard. Mycosis •• c:upet.like appearance may be ~Dt in the crop. In 
1988. it was reponed that the mortality in the floclu may 80 as high as IS%. but is usually less. and morbidity Is 
higher th3n mort:lliIY. which is 30%. It most often affects birds from 3 to 8 weeks of age. EcoDOmic loss is due 
10 reduced weighl gain and the additional time ceeded 10 market the birds (Wood. 1988). 
The aim of this study was 10 analyse histamine and tUstamine·like amines in different types of fish me.al in order 
10 observe iL~ toxicity in R:latioo to GE in pouI1J'y. or bistamice poisoning perhaps in other animals which BR 
fed fish meal. It was also to cbed::: storage conditions of fish meal which may affect histamine presence in the 
product. . 
B. MATERIALS AND MEl1iODS 
Fish me:ll samples used for analysis were of two types. TIle fust type was supplied from commercially 
processed companies, namely. two samples from Chile. one sample from Turkey aod the rest from Englwd. 
The type of fish used for raw materials was unknown. However, samples from England were most likely 
produced from industrWly waste fish. mainly 1:1 oily/while mU$Cled fish, whereas the OIilean mdTurkUh 
samples were mainly produced horn oily fish sucb as ancbovies (Engraulis Incranch4lu.r ponticw) • 
TIle second type was produced under controllabor.uory coadinoos. The fish used for processing were mackenl 
(Scomber scombrw), plaice (Pleuron~ctes plate3sa), dog fish (Squalus ocantlUtu). herring (Chl/ua NJUnBW 
baungwJ. cod. (Gadus callaritu) and haddock (Md.olU1grttmmus. Gadus· alglqinus). which WIS provided 
fresh born the fisb doclu. Grimsby, Engbod. 
Autbors' addu.u: SchDol a/ Food, Fisluries and Environm~nrl11 StudilS, Humb~rsid~ Polytuhnic. Nwu Cornu. 
Grinuby. DNJ4 'BQ, UK . 
• To wham CO"~spond~nce s/lould b~ oddresud,from 1st Febn.u:ry 1993; 
Karadlni: Tdnil Univ~rsir~n. Deni: Bilimlln v~ Tdnolojisi ruhd: Ol:ulu. O,rltim Gor~vlisi. 61080 
Trab:on. Turkey. 
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A modified colorimetric method (UDpUbIisbed results) was used for routine analysis ofbistamioe. Higb 
Perlcmnance Liquid OzromabO&i:qiJ) (HPLC) method (HaymaD et at.. 1985) was used to deted: histamine IDd 
other biswniDe-1ike amines, c:adaveriDe. putresine. spermine, spermidine &Dd IyT.mliDe. Tbe procechue of Wb 
meal proce:sing UDder bboratory cooditioas was basically as fonows: 
<a> Cooking a given weight of fisbin a steam pan for2S minutes 
(b) Pressing to ~move water . 
(c) Drying under air dryer 
. (d) Grinding with a mill 
(e) Separating oll from stictwater by leaving it iD a cold store until oil accumalates 00 the top as solid which 
can then be easily removed 
(t) Drying the stickwater by freeze dJyer or roDer dryer. 
Humidity ~inets were used for storage trials. These samples were stored OD 1r.lys exposed to the bumidity and 
temper.ll\lR: controlled air.' All the chemicals used Cor experimental procedUR were analytical grade (AR) or 
HPLC grade for use ofHPLC analysis when oecessaty. 
C.RESULTS 
lbe results ~ shown in the roDewing tIJ,'o tables and one figure. Figure I, rep~enl5 the amine leveb of 16 
different samples from sixteen different balcbes. The samples were ownbered according to increasing level of 
histamine. 'There wu no significant correlation betweco histamine and other amines in the values being 
analysed. There was, bowever, a similar pattern between spennidine and spennioe levels. which were very 
5imilarexcept for the last sample. Pu~ and tymnine levels followed each other closer than cadaverine. 
1bere was a similar panem between biswnine and cadaverine for 12 samples. between bWamioe and putIciDe 
for 10. and histamine and ryramine for 9 out of 16 samples. 1be exceptiona1 samples WeR number 3.7.9.12 aod 
16 for cadaverine. 3.7.9.10.13.14 and 16 fortyn.mine aDd putresine except number 10. 
Table 1; shows that the histamine level dirrered considenbly between diffeRDC batches. berween 0.68 (0 808.27 
mgllOO g of histamine. High levels ofhiswnine wen:: observed in stidewater meals processed noder laboratory 
conditiOn!. There was DO correlation between the samples of fish meal wbich were either Insb or old 
However. fish meal prepam1 from Insb fish (See Table 1 - Sample 1) shows very low histamine level {0.68 
mg/lOO gl, compam:l with ~ meal made from fish which is one Or two days old (see Table 1 _ Samples 12 &. 
15). Table 2 represenu the storage trials of 4 different samples from differeDt batches with 3 differeDt 
temperature coDditions aDd two differeDt rela.tive humiditie.s. Then: was a npid 1053 of histamine levd and a 
heavy mould growth with sample~ 1 and 2 at the beginning of the third week, and with sample 3 aJ. tbe end of 
the founh week. No mould growth was observed with sample 4 but a fan in histamine levels was observed.. 
D. DISCUSSION AND CONO-USION 
Table I aod Figure I indicate some of the fish quality variables. including species. which affect the amine level 
in the final product. These are: 
(a) 1be type of fish used. e.g. oily or white muscled fish 
(b) 1be (reshness ofnw material (c) Storage coDditions. 
Figure 1 also suggests that a1lbough high levels of histamine. above 100 mg/lOO g preseDl iD sample 16. the 
levels of other amines were DOt high or did DOt increase at the same rate as histamine • except perhaps for 
spermidine. 1be relationship between the level of histamine and hist.amiD:o:.1ik.e amines is DOt very clear. 
However. these amines may require to be present at a certain level in the product bef~ czusing gizzard erosion 
in poulb)' Or histamine poisoWog in bwnans. 1berefore. Ihe suggested fu~ wolk. could be to process all the 
experimental fish meal samples uix1er coDU'Olled labontory conditions with lcnowa ~ and species of 6sb. 
Table 2 explains that histamine levels dec~asc gradually with time at a low temperature and bumidity, but rapid 
loss occurs with high temperature and humidity. 'Ibis may suggest a soludon to controlling high histamine 
levels but lhc: resulting mould growth could introduce a new problem sucb as aflatoxin accumulation. 00 !be 
other baDd. using low temper.atures and bumidlties for storing fish meal may help slightly to the decrease or 
hist3fl1ioe levels and certainly 00 increase whicb may imply that cOotrol sbould occur before productioo of 6sh 
meal. 
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spermidine 
spermine 
o 1 2 3 456 7 a 910111213141516 
sample numbers 
Table: 2 
samples loIoeks histamine moisture storago 
m.1 100 9 a.w. • condition 
1 0 1.43 0.29 S.10 30'C, , 1.12 0.89 10.76 eos RH-
3 Sample gone mouldy. 
, 0 2.42 0.33 S.15 30'C 
2 0.10 0.84 14.48 BOS RH 
3 Sample gone mouldy. 
3 0 54.48 0.34 5.72 2S"C 
1 5-4..23 0.78 15.70 BOX RH 
2 45.59 O.BEI 19.69 
3 4.08 0.84 f9.07 
4 Sample gone mouldY. 
4 0 76.84 0.34 5.00 lS"C 
1 60.76 0.65 9.73 70' RH , 54.73 0.56 9.00 
3 53.44 0.55 8.94 
4 52.50 0.55 8.90 
6-B No mould growth . 
• RH: RelatlYe humIdIty. 
P.S. Each number represents the average of triplicat~d results. 
Sample 
1-
2· 
3· 
4 
S 
6 
7 
8 
9 
10 
11 
12 
J3 
14 
IS 
16 
Hiswnlne 
mg/l00 g 
dzy wt basis 
0.68 
42S6 
44S4 
19.00 
43.24 
SS.9O 
114.45 
42.76 
65.14 
47S4 
87.00 
76.84 
16.10 
3':2.77 
194.31 
808.27 
1359 
. 2 months old, fresb fish 
good quality OWe meal. I year old 
poor quality OWe meal. I year old 
6 mcoths old Turkish meal 
c;ommercial fresh mu} 
commercial fresh meal 
commercial fresb mea! 
2 weeb old commercial meal 
~ weeks old commercial meal 
4 weeks old commercial me3.1 
5 weeks old commercial meal 
fresh meal from I day old fish fillet 
fresh meal from fish offal of sample 12 
fresh meal from stickwaler of sample 12 
fresh meal from 2 days old whole mackerel 
~ meal from 2 days old whole rri aclcerd. of samples 
NOIe: Each number represents me mean value of triplicated results. 
- The sample shown on me fj~1 with the same number. It was produce~ from msh madr:erel, plaice, dog 
fi .. h, cod and berring . 
• Both samples were shown on Fi~ I, with the nwnbers 7 and 8 respectively. 
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